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Fifty pregnant Katahdin ewes grazed pastures with high (HE) and moderate (MI) levels 
of Neotyphodium coenophialum-infected tall fescue between February 1 and May 24 to 
determine the impacts of tall fescue toxins on body weight (BW), body condition scores, 
FAMACHA scores, fecal egg counts (FEC), and serum Cu, Zn, prolactin, and non-esterified 
fatty acids (NEFA). Within those 50 ewes, 15 were selected randomly for fecal and rumen 
sampling to assess the impacts of HE and MI on the microbiome community. Total bacterial 
DNA was extracted from rumen and fecal samples, and alpha and beta diversities were used to 
relate microbiome data diversity with forage treatments and physical and physiological 
measurements. 
Most of the ewe physical and physiological measurements were not affected by 
endophyte levels. However, body weight changes (d 51 to d 115) and NEFA changes (d 51 to d 
115) were greater in MI than HE.  
The HE group had greater observed ruminal OTUs, Shannon, Chao, and beta diversities 
at d 115 than MI. Members of Bacteroidetes_Prevotella ruminal bacteria OTUs were correlated 
with BW changes, prolactin concentrations, NEFA changes, and FEC. Also on d 115, there was 
an increased abundance from Firmicutes in HE vs. MI (60% vs. 53 %, respectively). 
The HE group had greater observed fecal OTUs, Shannon, and Chao, on d 51 than MI, 
but beta diversities did not differ between HE and MI during the study. Members of 
Actinobacteria_Coriobacteriaceae_unclassified fecal OTUs were correlated with BW changes, 
prolactin concentrations, NEFA changes, and FEC. At the end of the study, there was decreased 
abundance from Bacteroidetes in MI and HE (52.9 % and 49.3 %, respectively). 
Shifting of rumen or fecal bacteria populations that occurred could be a direct effect of 




impacted the bacterial populations. It is also possible that the bacteria that detoxify ergot 
alkaloids are minor species that have yet to be classified. Further research in the rumen or fecal 
microbial and their changes in responses to grazing endophyte-infected fescue needs to be 
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Tall fescue [Schedonorus arundinaceus (Schreb.) Dumort; E+] is one of the most 
common forages for grazing livestock in the United States. This forage is preferred by farmers 
because it persists for long periods of time under various grazing management. This long 
persistence is because this plant is infected with the endophytic fungus Neotyphodium 
coenophialum. However, toxins produced by this fungus negatively impacts animal growth 
health, and reproduction such as cattle and sheep. 
Grazing N. coenophialum-infected tall fescue decreases intake, body weight, and body 
condition score in cattle. Furthermore, cattle grazing toxic tall fescue have decreased ability to 
dissipate heat, increased rectal temperature, and may sloughed hooves, tails, and ears. Symptoms 
displayed in sheep grazing infected tall fescue include decreased pregnancy rates in yearling 
ewes, changes in reproductive hormones, and reduced prolactin levels. 
Early studies focused more on cattle and minimally in sheep. Also previous studies failed 
to show direct correlations between animals grazing tall fescue and mechanisms of action of 
decreased body weight in those animals. One of the factors causing reduced weight gains could 
be reduced digestibility. Nevertheless, the complete mechanism has not been explained in detail. 
Further studies investigating the causes of reduced animal performance by ruminants grazing 
endophyte-infected tall fescue could provide opportunities to mitigate adverse impacts of 
endophyte toxins. 
Mycotoxins are molecules of low molecular weight that are produced by fungi. 
Mycotoxins include ergot alkaloids, aflatoxins, patulin and much more. Several studies have 




Some animals are less susceptible to tall fescue toxins while others are more susceptible. 
Ruminants that are less susceptible to toxin may have a different rumen microbiota that helps to 
chemically alter endophyte toxins to less bioactive compounds, and thus protect the animal. 
Therefore, part of this study is to find the relationship between the rumen microbiome and 
measures of tall fescue toxicosis. 
This study was conducted to evaluate the environmental and physiological factors that 
relate sheep performance and growth. Specific aims for this study are to examine the effects of 
tall fescue toxins on rumen and gut microbial population diversity, and specific hormone profiles 





Chapter II: Review of Literature 
Introduction 
Endophyte-infected (E+) tall fescue [Schedonorus arundinaceus (Schreb.) Dumort] is a 
cool-season perennial grass that is widely used as a forage for many livestock species including 
sheep (Paterson et al., 1995). More than 90% of the tall fescue pastures are infected with the 
endophytic fungus, Neotyphodium coenophialum (Bacon and Siegal, 1988; Glenn et al., 1996). 
In E+, the fungal endophyte and tall fescue have a symbiotic relationship (Ball et al., 2002; 
Malinowski and Belesky, 2000). The endophyte in tall fescue adds the ability of the tall fescue 
plant to survive and to tolerate extreme weather conditions such as drought or freezing (Bouton 
et al., 1993; Hoveland et al., 1983). However, the fungal endophyte produces ergot alkaloids that 
are detrimental to livestock (Hill et al., 2001; Bacon et al., 1986; Rogers et al., 2011). Studies 
reported decreased body weight gain and body condition scores (BCS) in cattle grazing E+ 
caused, in part, by decreased forage intake (Aldrich et al., 1993; Nihsen et al., 2004; Realini et 
al., 2005) and (or) decreased total tract digestibility (Humphry et al., 2002). Infected tall fescue 
also decreases the animal’s ability to dissipate heat, decreases heat transfer and increases rectal 
temperature (Ball et al., 2003; Hurley et al., 1980; Schmidt et al., 1982). Sloughing of hooves, 
tails, and ears were also observed in animals that grazed E+ (Garner and Cornell, 1978; Schmidt 
and Osborn, 1993). 
Most studies on tall fescue toxicosis are in cattle while a few studies used sheep. Studies 
conducted using sheep grazing E+ have reported reduced pregnancy rate in yearling ewes (Burke 
et al., 2002), and changes in reproductive hormones (Burke et al., 2006). Consumption of E+ 
also caused reduced prolactin concentrations in sheep (Burke et al., 2006) and cattle (Burke and 




Besides heat stress, another possible reason for low intake and digestibility of E+ could 
be the limitation of particular species of rumen microbes. Once such microbial species are 
identified, this will provide the opportunity to develop methods to boost such microbial 
populations in the rumen. 
Tall Fescue 
Tall fescue is native to Europe and is thought to have been introduced to Siberia from 
Europe and later to North Africa (Rogers and Locke, 2013). It is believed that tall fescue was 
also introduced to North and South America from Europe (Borrill, 1976). One study conducted 
in the US in the 1800s concluded that the tall fescue plant is resistant to rust (Puccinia coronata), 
and was found to be drought tolerant (Ten Eyck, 1903; Buckner and Bush, 1979). In the early 
20th century, tall fescue was recognized as a persistent plant having desirable qualities to graze 
livestock on (reviewed by Meyer and Watkins, 2003). Tall fescue became one of the most 
important grass crops after the release of the cultivars ‘Alta’ and ‘Kentucky-31’ (reviewed by 
Meyer and Watkins, 2003). The prevalence of tall fescue rapidly expanded in the US from 15.9 
ha in 1940 to roughly 15 million ha today, establishing tall fescue as one of the most important 
forage crops in the US (Rogers and Locke, 2013). In 1940, the Oregon Agricultural Experiment 
Station and the USDA (Meyer and Watkins, 2003) released the ‘Alta’ cultivar. A trial was 
reported in 1943 at the Kentucky Agricultural Experiment Station and the ‘Kentucky-31’ cultivar 
was released. During the release of ‘Kentucky-31’, this plant was described as having an 
extensive root system and superior sod-forming ability (Meyer and Watkins, 2003). 
Endophyte Fungus in Tall Fescue 
Studies have reported that tall fescue plants contain a fungal endophyte (Neotyphodium 




Although the filamentous hyphae of the endophytic fungus absorbs nutrients from tall fescue 
(Christensen and Voisey, 2009), there is no negative effect on the growth and development of the 
tall fescue plant. Instead, there is a symbiotic relationship between tall fescue and this endophytic 
fungus (Bacon, 1993; Malinowski and Belesky, 2000; Ball et al., 2003) that is necessary for the 
persistence of tall fescue. The fungus provides host plant growth and survival by controlling 
insects (Latch, 1993), impeding overgrazing (Hoveland et al., 1983), improving tall fescue seed 
production (Rice et al., 1990), increasing survival of the host plant in dry weather conditions 
(Hoveland et al., 1983; Bouton et al., 1993; West et al., 1993), increasing tillers (Belesky et al., 
1988), and decreasing competitiveness from other plants (Clay, 1993). These benefits combine to 
increase the total forage yield of the host plant (Bouton et al., 1993) and enhance the duration of 
the grazing season (Hoveland et al., 1983). 
Effects of Fescue Toxicosis on Livestock 
Tall fescue is categorized as forage that has good nutritional quality. However, 
performance of livestock is compromised due to its toxicity. The condition that results in ill 
effects of livestock consuming tall fescue is known as tall fescue toxicity. The syndrome is a 
complex one, but usually non-fatal. However, it is vital to understand that major disruptions of 
the normal body functioning may arise when E+ is consumed (Browning, 2003). 
Neotyphodium coenophialum produces ergot alkaloids that potentially cause tall fescue 
toxicosis. Ergot alkaloids produced by the fungus include: lysergic acid (Malinowski and 
Belesky, 2000), ergotamine, ergonovine, ergocryptine (Hill et al., 2001), ergosine, ergonine, and 
ergovaline (Bacon et al., 1986; Rogers et al., 2011). The alkaloid produced in greatest 
concentration is ergovaline (Bacon et al., 1986). The concentration of ergot alkaloids increases in 




in the early of winter (Rogers et al., 2011). The maximum concentration of ergot alkaloids is 
found in the shoots and seed heads of the plant (Ball et al., 2003). 
Ergovaline, besides being the alkaloid produced in greatest quantity by N. coenophialum, 
is regarded as the putative poison in E+ (Hill, 2005). In some instances, ergovaline represents 
between 84% and 97% of the overall ergopeptine alkaloids in E+ (Lyons et al., 1986). However, 
lysergic acid and its amides have been suggested as toxic compounds that contribute to fescue 
toxicosis (Hill, 2005). Lysergic acid has been found in high concentration after a 48-h incubation 
of rumen fluid compared with the concentration of ergovaline (166 vs. 2.3 ng/ml, respectively; 
Ayers et al., 2009). 
In an in vitro fermentation study, ergovaline was rapidly solubilized from E+, then with 
time reduced in concentration in the solution to the point that it was non-detectable after 48 h 
(Moyer et al., 1993). However, the concentration of total ergot alkaloids increased in the liquor 
of the rumen over time (Moyer et al., 1993; Stuedemann et al., 1998). Their data were interpreted 
to mean that the rumen microflora metabolized ergovaline or ergopeptine alkaloids to lysergic 
acid amides. In another in vitro study, ergopeptine alkaloids and lysergic amides were purified 
and investigated by using the gastric tissue from sheep (Hill et al., 2001). They reported that 
tissue posterior to the ruminal tissue had a better tendency for ergot alkaloid transport than 
ruminal, reticular, or omasal tissue. Also, their study reported that the ergopeptine alkaloids 
transferred across gastric tissues at a lower rate than did lysergic acid. 
It is unfortunate that the toxins are also responsible for causing other effects such as 
summer syndrome, fescue foot, and reproductive issues, which causes high economic loss to the 
livestock producers (Zinedine et al., 2007). The first study reporting abnormalities from cattle 




was reported (reviewed by Aiken et al., 2006). Tall fescue was still adopted as a productive 
forage even though negative effects were observed in animals. In the past decades, these signs 
were reported in cattle, causing tall fescue to gain the reputation for poor animal performance 
(Stuedemann and Hoveland, 1988). Major studies after 1950 reported fat necrosis, fescue foot, 
and fescue toxicosis in cattle grazed on tall fescue (reviewed by Walls and Jacobson, 1970; 
Stuedemann and Hoveland, 1988). Fat necrosis is a condition in which hard fat deposits develop 
in the abdomen, a process that can interfere with parturition or digestion. Fescue foot, on the 
other hand, is a condition where animals become lame and their hooves slough off (Garner and 
Cornell, 1978). Fescue foot usually begins with lameness in one of the hind legs, then proceeds 
to other parts of the body including the ears and tail (Klotz, 2015). 
Many researchers evaluating the effects of endophyte-infected tall fescue on livestock 
performance have chosen steers as the trial animals, but a number of cow/calf studies also have 
been conducted (Stuedemann and Hoveland, 1988). Boling (1985) reported that cow pregnancy 
rates grazing E+ were 67% in comparison with rates of 86% from cows grazing low endophyte-
infected tall fescue (LE). In more recent studies, decreased pregnancy rates were observed from 
cows grazing E+ compared with cows grazing endophyte-free tall fescue (E-; Peters et al., 1992) 
or a non-toxic novel-endophyte-infected tall fescue (NE+, Caldwell et al., 2013; Coffey et al., 
2015). However, others (Burke et al., 2004) did not see decreased in pregnancy rates in cows. 
Further effects of exposure to E+ were observed in weaned calves. A 26.5% reduction in 
pregnancy rates were observed by heifers weaned from E+ compared with heifers that weaned 
from NE+ (64.1% and 90.6%; respectively; Coffey et al., 2015). This information complicates 
data from other cow-calf studies in that it is unknown how much previous exposure to E+ those 




When all of the symptoms are combined, tall fescue toxicosis is a very costly syndrome. 
Recently, it was estimated that fescue toxicosis costs the cattle industry more than $1 billion per 
annum (Strickland et al., 2011). 
Effect of endophyte-infected tall fescue on sheep reproductive performance 
Fescue toxicosis is more common in cattle compared to sheep (Aiken et al., 2006). 
Common symptoms in sheep infected with tall fescue toxins are heat stress, decreased intake, 
and reduced reproductive performance (Ditsch and Aiken, 2009). Ewes grazing E+ showed a 
reduction of natural service pregnancy rates that were linked to postponed estrus (Bond et al., 
1988); nevertheless, sheep are affected less by endophytes than cattle. Tall fescue did not affect 
body weight gains, lamb birth weight, or the length of gestation. Another study reported that 
ewes grazing E+ for the duration of mating had lower ovulation rates and the number of lambs 
carried to 90 days of gestation than ewes that grazing on E- that contained no ergovaline. 
(Kramer et al., 1999). Also, short term exposure of E+ to male ruminants might negatively affect 
reproductive responses (Burke et al., 2006). 
Prolactin 
When evaluating the impacts of endophyte-infected tall fescue on animal growth 
performance, interactions with biological components may help explain animal performance 
responses. Prolactin is a polypeptide hormone that is synthesized and secreted from 
mammotrophs within the interior pituitary gland. Prolactin is the primary hormone responsible 
for mammary gland development and lactation in the mammary gland. Prolactin has also been 
associated with a number of other physiological activities (Karg and Schams, 1974). 
The relationship between E+ and prolactin was the first such hormonal - toxin 




of studies have reported decreased prolactin concentrations in animals grazing E+ (Schillo et al., 
1988; Oliver et al., 2000; Aldrich et al., 1993; Burke et al., 2006; Drewnoski et al., 2009; Looper 
et al., 2010). Therefore, prolactin has been used as a qualitative indicator of tall fescue toxicosis 
(Sleper and West, 1996; Elsasser and Bolt, 1987).  
Ergopeptine alkaloids were postulated as the probable cause of prolactin suppression 
(Strickland et al., 1993). Cows grazing E+ containing an average of 448 սg/kg total ergot 
alkaloids decreased the concentrations of prolactin compared to NE+ (40 vs. 142 ng/mL of 
prolactin, respectively; Watson et al., 2004). Cows grazing E+ (799 μg/kg total ergot alkaloids) 
early in the spring but moved to NE+ (76 μg/kg total ergot alkaloids) for 28 d prior to the 
initiation of the breeding season had greater serum prolactin concentrations (140 vs. 14 ng/mL) 
at the start of the breeding season than those cows that remained on E+ (Caldwell et al., 2013) 
and similar prolactin concentrations to those that grazed only NE+ throughout the spring (138 
ng/mL). When the cows that had been moved to NE+ for breeding were returned to E+, their 
serum prolactin concentrations declined to levels similar to those grazing only E+ (52 vs. 43 
ng/mL for those moved to NE+ vs. those remaining on E+, respectively); both of these groups 
had lower prolactin concentrations than cows that grazed NE+ for the entire period (149 ng/mL; 
Caldwell et al., 2013). Numerous other studies reported reduced serum prolactin concentrations 
associated with forage ergot alkaloid concentrations (Parish et al., 2003ab; Aiken et al., 2012; 
Zbib et al., 2014) 
General molecular analysis of 16S rRNA sequence data in microbial population 
Although the evidence of a mutual relationship between ruminants and microbes existed 
(Krause et al., 2013), the main function of the rumen was unknown for a long period. Once 




on microbial populations by roll-tube techniques (Hungate, 1969) or by number estimates 
(Dehority et al., 1989). Scientists were able to categorize the bacteria phenotypically as well as 
physiologically because of substrate affinity and fermentative abilities. Molecular techniques 
suggested that more than 90% of bacterial species present in the rumen were unknown to the 
world before the late 1990’s (Whitford et al., 1998; Tajima et al., 2000). 
Metagenomics is the study of various genomes simultaneously (Handelsman, 2004), and 
is used to compare bacterial communities utilizing the 16S ribosomal RNA (rRNA) to evaluate 
microbiome richness, composition, and microbial diversities. The metagenomic approach can be 
used to determine the rumen microbiome that improves fermentative efficiency and overall 
production in ruminants. 
All bacteria have subunits of the 16S rRNA gene along with 1,500 nucleotides having 
both highly conserved and hypervariable regions. The conserved region serves the role of primer 
site for enhancing in vitro amplification through PCR (Ludwig et al., 1994), or the use of 
universal probes to increase the number of the major phylogenetic domains like bacteria or 
archaea. Subsequently, amplified sequences are referred to as amplicons. Every genera, species 
or strain of such bacteria have unique hypervariable regions that are utilized to differentiate 
various populations (Amann et al., 1990; Raskin et al., 1997). 
It is necessary to choose the right primer to make sure that the hypervariable amplified 
region provides much data regarding the target microbiome, irrespective of the bias against 
important populations of interest. Various universal primers are relatively more efficient 
compared to the others belonging to the same group, especially as they pertain to the 
hypervariable regions of 16S rRNA (Liu et al., 2007; Soergel et al., 2012). For analyzing nine 




accuracy, but this was still unable to suggest the richness as shown by full-length 16S sequences 
(Kim et al., 2011). Partial 16S sequences belonging to all the hypervariable regions suggested the 
microbial community to be close to the full length of 16S sequences by using UniFrac analysis 
(Kim et al., 2011). The reason for choosing 16S sequence data is because of an immense 
knowledge available for a marker gene, along with the diversity that generates various biased 
results because of the production of multiple copies (about 15) of 16S gene lying within a single 
bacterial genome (Klappenbach et al., 2001). Despite the diversity and the range of population 
densities that are presented in the microbiome, there are still gaps that prevent the accurate 
quantification of the bacterial population, thereby a limiting depiction of biologically “rare” taxa. 
Universally, oligonucleotide probes enhance the broad domains of microbes leading to an 
adequate quantity of nucleic acid production. Initially, community fingerprint analysis was used 
as the first technique to summrize the entire microbial environment as well as to describe the 
ecological alterations (Muyzer et al., 1993). 
Denaturing gradient gel electrophoresis (DGGE), automated ribosomal intergenic spacer 
analysis (ARISA), and terminal restriction fragment length polymorphism (TRFLP), are the 
fingerprinting techniques applied to describe microbial communities. The TRFLP procedure uses 
polymorphic terminal fragments after restriction digestion at specific target sites, whereas DGGE 
is based on the sequence-specific melting behavior of amplicons (Marsh, 1999; Zoetendal et al., 
2004). Observations suggest that DGGE identifies differences in taxa that are corresponding to 
only 1% of the population (Muyzer et al., 1993). It is difficult to extract DNA with limited 
sequence variation, therefore it is suggested to cut the bands out from a gel for sequencing 
taxonomic identification (Muyzer and Smalla, 1998). Fisher and Triplett (1999) reported that 




sample. This intergenic district can be up to 1,400 bp long and is unique for most bacterial 
species. Oligonucleotide preliminaries are used in PCR to enhance the intergenic areas, followed 
by, capillary electrophoresis to isolate the amplicons. Bent et al. (2007) reported that despite 
group-unique mark investigation value in demonstrating shifts in microbial nature, the procedure 
has a limited capacity to portray the present taxa. Furthermore, DGGE, TRFLP, and ARISA 
undervalue species richness because of the long-tail dissemination of diverse microbiomes, and 
have been supplanted by next generation sequencing approaches. Advances in DNA sequencing 
innovation have drastically changed the ability to examine microbial nature utilizing high 
throughput sub-atomic systems. Even though the innovation deliveres a significant degree of 
extended sequence peruses of greater than 1,000 nucleotides, the required time and cost constrain 
the use of the system to a few scientific fields. Youssef et al. (2009) acknowledged that the 
improvements in sequencing-by-synthesis have changed sequencing accessibility, as the 
paralleled idea of the innovation has altogether decreased cost and time required. 
The Illumina HiSeq 2000 is currently the most commonly used sequencing platform and 
is considered second generation technology. The HiSeq 2000 generates more reads per run at a 
lower cost per bp. Illumina's stage uses dual connectors followed by bridge (scaffolds) 
amplification. Rothberg and Leamon (2008) reported that once the scaffolds are broken, 
sequencing-by-synthesis happens and a laser distinguishes the shade of light from the fluorescent 
mark joined to each new base combination. Foster et al. (2012) outlined that multiplexing or 
pyrotagging or barcoding, it alludes to the way of adding an interesting identifier sequence to all 
amplicons in a sample. Multiplexing has made sequencing and examination of numerous 
microbial communities significantly more proficient and cost-effective. Sequencing of DNA 




tag grouping to each example's amplicons which would be able to multiplex many samples into a 
single pyrosequencing run. There are difficulties in the examination of 16S arrangement 
information that should be tended to: quality sifting, a grouping of operational taxonomic units 
(OTUs), classifying assignments, and evaluations of community differences. Furthermore, it was 
reported by Liu et al. (2007) that as sequencing platforms keep on generating more reads per run, 
barcoding will continue to increase the effectiveness of pyrosequencing various microbiomes 
simultaneously. Regardless of method, the biodiversity measures seek to represent the richness 
and evenness of community from the phylogenetic perspective or a species estimate. Richness 
implies the main count of OTUs where more OTUs show a richer community, and evenness 
delineates the similarity of species population sizes in the environment. 
According to Whittaker (1972), alpha diversity refers to the diversity exhibited inside one 
microbiome, whereas beta diversity implies variation between the two microbial environments. 
Methods founded by Chao et al. (Chao and Bunge, 2002; Chao et al., 2006) are the most well-
known and are generally performed in available programming; for example, mothur and QIIME. 
Bunge (2011) described regularly utilized richness estimators including Chao1, Abundance Base 
Coverage Estimator (ACE), and Chao-Bunge, Good-Turing, that are numerically basic and 
direct. In particular, Chao1 utilizes the frequency of OTU singletons and doubletons to gauge the 
base richness of the community (Bohannan and Hughes, 2003). Magurran (2004) cautioned that 
by evaluating both OTU richness and evenness, alterations in the index could be hard to 
interpret. The Shannon index is the most popular nonparametric estimator of alpha diversity 
(Shannon and Weaver, 1949). Simpson (1949) presented a list which described the possibility of 
randomly picking two individuals from a community group having a place with the same OTU. 




looking at bacterial communities from the various microbial communities. The strategies depend 
on the occurrence of shared species between two samples. Particularly, the Jaccard index is a 
basic proportion of shared species within two samples. Also, the Bray-Curtis index only applies 
when the sequence reads over samples that are equivalent, but it represents both presence and 
non-presence of OTUs (Chao et al., 2006). 
The rumen 
Ruminants are considered foregut fermenters (Janis, 1976; Parra, 1978; Demment and 
Van Soest, 1985; Mackie, 2002). The ruminant digestive tract has a stomach at the anterior of the 
digestive system that consists of four sections: rumen, reticulum, omasum, and abomasum. 
Fermentation of feedstuffs takes place in the reticulum and rumen which are the major sites of 
feed digestion and fermentation, accounting for nearly 70% of the gastrointestinal tract in total 
volume (Hobson and Stewart, 1997). The rumen capacity differs greatly in the adult ruminants of 
different species. For instance, in sheep, it is about 10 L, while in cattle it is about 200 L. The 
range of gastrointestinal tract volume is even greater in some wild ruminants, such as moose and 
mouse deer. Forestomach fermentation offers numerous nutritional advantages to animals over 
hindgut fermentation; it gives a chance for end products of fermentation to be digested and 
absorbed in the host’s digestive tract. In the reticulorumen, high-quality microbial protein can be 
derived even from low-quality plant sources and can be digested and absorbed in the small 
intestine (Wallace, 1994). The nutrients that are not absorbed through the wall of the rumen, 
along with undigested feeds, pass from the rumen to the omasum, where the leaves of the 
omasum afford a large surface area for mineral and water absorption. The omasum acts as a 




abomasum is also known as a true stomach and secretes enzymes and hydrochloric acid for 
hydrolysis of proteins. 
Rumen Microbial Diversity 
Many grazing animal possess a rumen, which acts a storage and fermentation vat for 
freshly swallowed feed which is further re-chewed after regurgitation. Ruminants contain various 
microbial species in their digestive tract; primarily bacteria, protozoa, and fungi (Qi et al., 2004; 
San Vito et al., 2016). These microbial species establish symbiotic relationships with the animal 
and assist significantly in reducing complex food materials such as fats, cellulose, starch, and 
proteins and even secondary plant compounds into smaller particles that can further enhance 
digestion and absorption of foodstuffs in the digestive system of the ruminant. 
Some of the microbes in the rumen interact synergistically with each other and extract 
energy while producing lignocellulolytic enzymes that are highly active and help in supporting 
digestion in the host; this interaction yields volatile fatty acids such as acetate, butyrate, and 
propionate (reviewed by Choudhury et al., 2015). The rumen microorganisms adhere to feed 
particles eventually forming biofilms that degrade the plant materials (Qi et al., 2004). Most of 
the microorganisms have different roles regarding feed digestion. They typically act in a 
synergetic manner to ferment plant proteins and carbohydrates, but can develop antagonistic 
relationships if different microbes occupy the same niche (Qi et al., 2004). Choudhury et al. 
(2015) reviewed that the microbial composition depends on the type of diet along with non-feed 
components.  
The type of diet influences the abundance of different ruminal microorganisms. For 
example, Jin et al. (2016) reported an increase in abundance of Bacillus spp. and other bacteria 




the type of forage as an influencing factor for the archeae population in the rumen. The 
prevalence of the individual DNA sequences has been applied as a method to calculate the 
relative abundance of archaea and bacteria. The abundance of uncultured bacteria was 
comparable to that of bacteria cultured from bacterial populations in the rumen (Jin et al., 2016). 
In the rumen, more than a thousand microbial species or OTUs have been recognized 
(Hess et al., 2011), and less than 10% have been identified in laboratory culture (Flint et al., 
2008; Kim and Yu, 2012). Hence, a majority of microorganisms in the rumen was identified 
based on molecular techniques. Our current understanding of the microbial community relies 
primarily on the information obtained from the culture of a small portion of the microbial species 
that exist in this unique environment. 
Features of the Rumen Microbial Community 
The rumen microbes represent an extensive taxonomic variety comprised of eukaryotes 
(anaerobic ciliates, protozoa, and fungi), prokaryotes (bacteria and archaea) and viruses 
(Williams and Coleman, 1997). The bacteria, protozoa, and fungi have different characteristics, 
producing cellulolytic, hemi-cellulolytic, proteolytic, lipolytic and amylolytic enzymes. The 
massive inflow of substrate generates selection pressure that leads to the microbe’s niche 
differentiation with different nutritive conditions and different animals. The rumen microbes 
represent a limited diversity at high taxonomic levels such as class and phylum. However, when 
enumerated at low taxonomic levels such as genus, species, and subspecies, the rumen microbial 
population is quite diverse (Morgavi et al., 2013). This diversity has advantages in that this 
complex population works together to supply substrates and the continuous elimination of 
fermentation end products which leads to a high abundance of microbes. This diversity also 




functional redundancy and of multiple species and sub-species which occupy the same niche and 
have the same function in the digestive system (Morgavi et al., 2013). 
Several of the microbes in the rumen have been classified as essential microbes (Lettat 
and Benchaar, 2013; Kim et al., 2014). Further, this group of common essential microbes 
primarily degrade complex carbohydrates. Other non-essential microbes change in occurrence 
and abundance over time (Wallace, 2008). The most complicated interspecies interactions 
directly impact the feed consumption efficiency of the ruminant animal. These interactions are 
highly affected by ammonia and methane (Firkins, 2010) that are produced in the rumen through 
microbial actions on protein and carbohydrates. 
Rumen bacteria 
The cultivation-based studies approach on rumen bacteria has made a significant 
contribution to explaining the bacterial activities in vitro (Dehority and Odenyo, 2003). Although 
there are fundamental limitations in using cultivation-based studies, these types of studies are 
used to determine the ecological role of new groups of microorganisms classified by rRNA gene 
sequences (Kim and Yu, 2012; Krause et al., 2013; Creevey et al., 2014). Bacteria cultured from 
the rumen accounted for only 6.5% of the 16S rRNA gene sequences found in the rumen (Kim et 
al., 2011). As indicated by the latest studies, some uncultured bacteria are found in the rumen 
when enumerated by real-time PCR. This suggests that uncultured bacteria may act as major 
players in ruminal fermentation (Kim et al., 2011). 
Effects of Mycotoxin on Rumen  
Zain (2011) stated that mycotoxins are molecules of lower molecular weight that are 
produced by fungi, which elicit toxic responses in animals. They are usually stable and are 




be less susceptible to mycotoxins since the rumen microbiota, along with feed particles that are 
contained in the rumen compartment are potentially useful in deactivation, degradation, or 
binding of the toxic molecules, thus protecting the host animal (Ditsch and Aiken, 2009). 
Research about the causative agents of tall fescue toxicosis have been conducted since 
animal-related negative effects were reported (Browning, 2003). It has now been established that 
endophytes produce chemical compounds that are responsible for increased survival of tall 
fescue when it is facing environmental stress (Ditsch and Aiken, 2009). Some compounds 
derived from E+ have been studied in determining the possible contributions of toxicosis in 
sheep. 
Research on toxic plants has shown that animal species and individuals have the ability to 
detoxify certain toxic compounds. Liver enzymes and some proteins differ considerably in their 
ability of detoxification from species to species (Burke and Upshall, 1976), and, from individual 
to individual (Forrester et al., 1990). For instance, sheep and goats consume pyrrolizidine 
alkaloids that are present in plants like tansy ragwort (Senecio jacobaea) without negative 
effects, while these plants are toxic to cattle. However, in many instances, it is unknown whether 
the ability to detoxify specific compounds is because of the production of certain liver enzymes 
or because of detoxification by specific ruminal microbes. 
Ruminal microbes are capable of detoxifying certain plant toxins and enhancing animal 
tolerance of certain consumed toxic substances (Smith, 1992). Detoxification of some plant 
toxins is a result of altering the complex with a particular enzyme (Allison, 1978) that may be 
produced in the gut by microbes (Craig et al., 1992). Identification of the detoxifying anaerobic 




probiotics that would reduce the susceptibility of animals to E+ toxins (Ditsch and Aiken, 2009; 
Gallo et al., 2015). 
In conclusion, the microbial populations in the rumen change with the feed type. As 
much as tall fescue forage is beneficial to the sheep, it also affects the physical health of the 
animal. It is vital to note that the toxic nature of tall fescue forage is a result of a fungus that 
produces mycotoxins responsible for the conditions that lead to tall fescue toxicosis. Some of the 
effects of those mycotoxins are problems in reproduction, reduced physical growth, and reduced 
milk production in cattle. These setbacks pose serious financial challenges to producers, and as a 
result, more people are willing to take action to prevent disease in their livestock. Identifying 
rumen bacterial diversity, their abundance in ewes grazing on high endophyte-infected and low 
endophyte-infected tall fescue, and finding possible ways to increase bacterial populations that 
may possibly mitigate toxicity in sheep grazing on tall fescue could be helpful for producers 
trying to reduce the negative effects of tall fescue. Therefore, our objectives in these studies were 
to determine the influences of tall fescue toxicosis on animal physiology and animal performance 
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A case study of growth performance and selected serum constituents in pregnant ewes 
grazing tall fescue with high and moderate endophyte infection  
ABSTRACT 
Tall fescue (Schedonorus arundinaceus) infected with the endophytic fungus (Neotyphodiun 
coenophialum) produces ergot alkaloids that cause tall fescue toxicosis with symptoms such as 
reduced prolactin and decreased growth performance in cattle, but information on those impacts 
on pregnant and lactating ewes is limited. Fifty pregnant Katahdin ewes [52.7 ± 2.47 kg initial 
body weight (BW)] were used to study the effects of high and moderate endophyte-infection 
levels of tall fescue on growth performance and selected serum constituents of pregnant ewes. 
Ewes were stratified by BW and age and allocated randomly to graze tall fescue pastures with 
high (90%, HE) or moderate (58%, MI) levels of infection with N. coenophialum. Body weight, 
body condition scores (BCS) and FAMACHA were measured on d 1, d 51, and d 115. Blood was 
collected by jugular venipuncture for analysis of serum concentrations of prolactin (PRL), non-
esterified fatty acids (NEFA), copper (Cu), and zinc (Zn) on d 51, 85 and 115. The effects of 
fescue toxicity level (HE or MI) were assessed using the mixed models procedures of SAS (SAS 
Inst. Inc., Cary, NC). Sampling day was considered a repeated measure. All ewes lambed within 
two weeks after d 51. Ewe BW did not differ between treatments (P ≥ 0.17) on any of the dates 
measured, and BW change from d 1 to d 115 was not different (P = 0.42) between treatments. 
However, BW change between d 51 and d 115 was greater (less negative; P < 0.05) for HE 
compared with MI. Body condition scores or BCS changes were not different among treatments 
(P ≥ 0.27). Similarly, FAMACHA scores were also not different among the treatments (P ≥ 
0.21). Serum concentrations of NEFA were greater (P < 0.05) from HE vs. MI on d 115, but 




were greater (P < 0.05) from MI compared with HE. Serum Cu and Zn concentrations were not 
different between treatments (Cu, P = 0.43; Zn, P = 0.41) at the end of the experiment. 
Likewise, lamb BW and BW change were not different (P ≥ 0.20) between HE and MI. Ewes 
pregnant with twins lost more (P < 0.05) BW and BCS between d 1 through d 51 and had a 
greater (P < 0.05) FAMACHA score on d 51 compared with single ewes. Twin lambs had lower 
BW and BW change throughout the study than single lambs. In conclusion, there was no 
difference in most of the parameters measured between HE and MI groups; this could indicate 
that toxins in MI were of a sufficient level to elicit toxicity. 
Keywords: tall fescue, ergovaline, Katahdin ewes. 
Introduction 
Tall fescue [Schedonorus arundinaceus (Schreb.) Dumort] is a cool season perennial grass that is 
used widely as a forage for livestock including sheep. More than 90% of the tall fescue pastures 
are infected with the endophytic fungus Neotyphodium coenophialum (Ball et al., 2003). The 
endophyte in tall fescue aids the ability of the tall fescue plant to survive and to tolerate extreme 
weather conditions (Bouton et al., 1993; Hoveland et al., 1983). However, the fungal endophyte 
in association with the plant produces ergot alkaloids that are detrimental to livestock (Bacon et 
al., 1986; Hill et al., 2001; Rogers et al., 2011). Body weight gain and body condition scores 
(BCS) were reduced in cattle grazing N. coenophialum-infected tall fescue pastures, and could be 
attributed in part to decreased intake of infected tall fescue (Humphry et al., 2002). Infected tall 
fescue also decreased the ability to dissipate heat resulting in increased rectal temperature 
(Hurley et al., 1980; Schmidt et al., 1982; Ball et al., 2003). Decreased serum prolactin (Burke 
and Rorie, 2002; Parish et al., 2003; Waller, 2009), and sloughing of hooves, tails, and ears were 




Osborn, 1993). Most studies on tall fescue toxicosis used cattle, and studies using sheep are more 
limited. Studies conducted using sheep grazing on endophyte-infected tall fescue reported 
reduced lambing in yearling sheep (Burke and Rorie, 2002), changes in reproductive hormones 
(Burke et al., 2006; Hemken et al, 1979), and reduced prolactin concentrations (Burke et al., 
2006). The objectives of this study were to examine the effects of tall fescue toxins on changes in 
body weight and selected serum constituents of pregnant ewes grazing toxic tall fescue pastures 
in the spring. 
Materials and Methods 
This study was conducted from early February 2016 to late May 2016 at the USDA, ARS 
Dale Bumpers Small Farms Research Center (DBSFRC), Booneville, AR, USA (35°05’ N, 
93°59’ W, 152 m a.s.l.). All experimental procedures and husbandry practices in this experiment 
were reviewed and approved by the University of Arkansas Institutional Animal Care and Use 
Committee (Protocol # 16046). 
Fifty Katahdin ewes (ages 2 to 9 years) confirmed as pregnant via ultrasound were 
selected from the DBSFRC flock, stratified by body weight within age and number of fetuses, 
and then allocated randomly into three groups. Two groups (n = 15 each) with an average initial 
body weight (BW) of 53.9 ± 2.19 kg and with average initial body condition scores (BCS) of 2.8 
± 0.18 were allocated randomly after stratification for BW, age and gestational litter size to graze 
2 high endophyte-infected tall fescue pastures (90% of the plants infected; HE). A third group 
consisting of 20 sheep with an average BW of 51.7 ± 2.96 kg and an initial BCS of 2.7 ± 0.19 
was assigned to graze on a moderate endophyte-infected tall fescue pasture (58% of the plants 
infected; MI). All ewes were offered 1.0 kg/d of a supplement (13.8% CP, 82.2%TDN) and had 
access to water and free choice trace mineralized salt (Table 1) throughout the study. Ewe BW, 




scale; 1 = normal; 5 = severe anemia; Bath et al., 2001) were measured on d 1, d 51, and d 115 
without prior removal of feed and water. 
Blood samples were taken from the jugular vein of each ewe immediately before the 
beginning of the study (d 1), the week before initiation of lambing (d 51), four weeks after the 
end of lambing d 85, and at the end of the trial (d 115). Blood was collected into serum separator 
vacuum tubes (BD #367988 Vacutainer®, Becton Dickinson, Inc., Franklin Lakes, NJ, USA), 
and tubes specified for serum trace mineral analyses (BD #16359 Vacutainer®, Becton 
Dickinson, Inc., Franklin Lakes, NJ, USA). Samples were transported on ice and stored in a 
standard refrigerator at 4°C overnight. The samples were then centrifuged (3000 × g for 20 
minutes) and transferred to plastic tubes and stored frozen (-20°C) for subsequent analyses. 
Feces samples were taken directly from the rectum of each ewes and stored separately in 
plastic bags under refrigeration until processed. Fecal egg counts (FEC) were determined by the 
modified McMaster technique (Whitlock, 1948). Two grams of feces were weighed and diluted 
in a saturated NaCl solution. The solution was sieved, pipetted, and placed in both chambers of a 
McMaster slide. (Chalex Corporation, Issaquah, WA). Eggs were counted by a binocular 
microscope (Standard 20, Fisher Scientific, Raleigh, NC) at 100 × power. The result was 
multiplied by 50 to get the quantity of eggs per gram of feces. 
Tall fescue grass samples were collected monthly throughout the study from each plot 
field. Samples of tall fescue were harvested by walking in a zigzag pattern through each pasture 
and hand-clipping random samples to a 2.5 cm stubble height. Approximately 20 samples were 
gathered per pasture. The samples were placed in zip-lock plastic bags, stored on ice 
immediately, and then placed into a conventional freezer for at least 2 h. The grass samples were 




low freezer (-80°C), then lyophilized. Dried forage samples were ground to pass through 1-mm 
screen using a Thomas-Wiley laboratory mill model 4 (Arthur Thomas Co. Philadelphia, PA) 
and stored in an ultra-low freezer except during analyses. 
Tillers for testing for the presence of the endophyte fungus were collected by walking a 
zigzag pattern in the pastures, then collecting tall fescue tiller samples at random (n = 50 per 
pasture). Stems were cut with a sharp knife to a height of 12.5 cm above the soil surface. The 
tissue that contained leaves was discarded, the tillers were rolled into moist paper towels to 
prevent drying, and then they were placed in a plastic zip-lock bag and stored in a refrigerator 
(1°C) pending endophyte analysis. 
Laboratory Analyses 
Sequential analysis for neutral detergent fiber (NDF) and acid detergent fiber (ADF) 
analyses were performed using the filter bag procedures described by Vogel et al. (1999) using 
an Ankom 200 Fiber Analyzer (ANKOM Technology Corporation, Fairport, NY). Nitrogen 
concentrations were determined via Dumas total combustion method (Elmentar Americas, Mt. 
Laurel, NJ; Method 990.03; AOAC, 2000). Crude protein (CP) was calculated by multiplying the 
total N concentration by 6.25. 
Tall fescue samples were analyzed for total ergot alkaloids using the Agrinostics Photo 
screen Ergot Alkaloids kit (Agrinostics Ltd. Co., Watkinsville, GA; Adcock et al., 1997). Forage 
ergovaline concentrations were also determined using the HPLC procedure of Rottinghaus et al. 
(1991). Pasture endophyte infection rates were analyzed using immunoblot test kits (Agrinostics 
Ltd. Co., Watkinsville, GA). Serum concentrations of non-esterified fatty acid (NEFA) were 
determined using an in vitro enzymatic colorimetric kit (NEFA-HR (2); Wako Chemicals, Inc., 




Tenessee using their standard lab protocol following the procedures of Bernard et al. (1993) with 
inter-and intra-assay CV of 4.24 and 5.69%, respectively. Stored serum for mineral samples were 
thawed at room temperature, vortexed, and 0.5 mL of serum was added to 15 mL centrifuge 
tubes (VWR, #3510591, Pennsylvania, USA). Then 9.5 mL of 1 N nitric acid was added and the 
samples were vortexed and centrifuged (3000 × g for 20 minutes). The supernatant was removed 
and analyzed for trace mineral content (Cu and Zn) by the University of Arkansas System 
Division of Agriculture Altheimer Laboratory, Fayetteville, AR using inductively-coupled 
plasma emission spectroscopy (Method 985.01; AOAC, 2000). 
Statistical Analysis 
The experimental study design was a completely randomized design with all ewes for 
each treatment serving as experimental units. The effect of fescue endophyte level (HE or MI) on 
the animal performance, fecal egg count, and serum constituents was determined using the mixed 
model of SAS (SAS Inst. Inc., Cary, NC). The model included effects of treatment, the effect of 
litter size, or singles (S) vs. twins (T), sampling date, the age of dam and their interactions. 
Sampling date was included in the model as a repeated measure. Data are presented as least 
square means and standard errors. Means were compared using an F-protected t-test when the 
treatment × sampling date interaction was detected at P < 0.05. 
RESULTS AND DISCUSSION 
Forage Measurements  
The crude protein (%) for both HE and MI increased throughout the grazing season 
(Table 2). The concentrations of ADF and NDF were lower in both HE and MI at the beginning 
of the study, but increased to their greatest concentration on the March sampling. Both NDF and 
ADF declined at the April sampling and then increased again by the May sampling date. These 




growing season, allowing them to select out the most desirable plant components and leaving the 
high-fiber residue that included dormant bermudagrass. The quality increased when the normal 
spring growth ensued, then quality declined again on the May sampling date because of 
increased forage maturity. Ergovaline was at the lowest concentration at the beginning of the 
study in both HE and MI and increased gradually during the study, with the greatest 
concentration at the end of the study in both HE and MI. Although ergovaline concentrations 
were 5, 1.5 and 1.1 times greater from HE compared with MI on the February 18, March 12, and 
April 12 sampling dates, respectively, ergovaline concentrations were low (< 100 μg/kg) from 
both treatments on these sampling dates. However, ergovaline concentrations of HE were 2.3 
times greater than those of MI on May 12. Total ergot alkaloids followed a similar pattern to 
ergovaline concentrations, being greater initially and on May 12, but having lower 
concentrations on the March 12 and April 12 sampling dates. It has been reported that ergot 
alkaloid concentrations vary because of the host plant genotype (Hill et al., 1991), and between 
different seasons as well as within different plant parts (Ball et al., 1997; Rottinghaus et al., 
1991). The greatest concentrations of ergot alkaloid are usually found in the shoots (Malinowski 
et al., 1998), and concentrate in the seedhead as the plant matures (Rottinghaus et al., 1991). 
Ewes Growth Performance 
Ewe BW, BW changes, BCS, BCS changes, FAMCHA, FAMCHA changes, and fecal 
egg count (FEC) measurements are presented in Table 3. During the entire study, the forage 
treatment × number of offspring, number of offspring × age group, and forage treatment × age 
group interactions were not detected (P ≥ 0.13) on BW, BW changes, BCS, or BCS changes. 
However, on d 1, BW of age group 1 (ewes less than two years) were lower (P < 0.05) than age 




years). On d 51 and d 115, there was no different (P ≥ 0.40) between BW of age group 1 and age 
of group 2, but BW of age group 3 was greater (P < 0.05) than that of age group 1 and 2. Body 
weight change between d 1 and 51 was positive for age group 1 but slightly negative for age of 
group 2 and 3 resulting in a difference (P < 0.05) in BW change because of the different ages. 
Between d 51 and 115, BW loss was less (P < 0.05) for HE vs. MI and for younger ewes (P 
<0.05) than age group 3. Total BW change from d 1 to d 115 was positive in age group 1 but 
negative in age groups 2 and 3, resulting in differences in weight change between groups 1 and 3 
(P < 0.05). Data are limited pertaining to changes in BW of ewes grazing toxic tall fescue during 
the peri-parturient period. However, in a similar study conducted with goats, BW was not 
affected by grazing endophyte-infected tall fescue for more than five months (Junell et al., 2016). 
Surprisingly, in the current study, ewes grazing HE tall fescue lost less BW compared with ewes 
grazing in MI between d 51 and d 115. This may be attributed to the ability of ewes to tolerate 
toxins better than other ruminants because of the activity of liver enzymes. However, it is equally 
likely that the toxicity of the MI pastures was sufficient to elicit tall fescue toxicosis in those 
ewes. 
Body condition scores (BCS) from age groups 2 and 3 were greater (P < 0.05) than those 
from age group 1 on d 1. No differences were observed for BCS across treatments, number of 
offspring, or age group on d 51. On d 115, BCS was greater (P = 0.03) from S vs. T but did not 
differ (P = 0.61) between HE and MI or between age groups (P = 0.25). The changes in BCS 
between d 1 and 51 were not affected (P ≥ 0.26) by S vs. T, by HE vs. MI or age groups. 
However, BCS change between d 51 and 115 was tended (P = 0.08) to be greater from S vs. T 




loss in BCS than S. In a similar study conducted with goats, BCS was not affected by grazing 
endophyte-infected tall fescue for more than five months (Junell et al., 2016). 
The FAMACHA scores are an indicator of level of Haemonchus contortus infection or 
anemia. On d 1, there was an interaction (P = 0.002) with forage treatment × age group. Also, T 
tended (P = 0.07) to have greater FAMACHA scores than S, likely indicating a greater degree of 
internal parasite infestation due to greater nutritional stress. However, on d 51, there was a 
tendency (P = 0.08) by forage treatment × age group interaction. On d 115, there were no 
differences (P ≥ 0.10) in FAMACHA scores due to forage, number of offspring, age groups, or 
interactions between them. The Katahdin breed has been shown to recover from infection with 
H. contortus by 60 d post-lambing (Notter et al., 2017), thereby possibly mitigating differences 
in the present study. Change in FAMACHA scores during the study were not different (P ≥ 0.21) 
between forages, number of offspring or age groups but a number of interactions and tendencies 
for interactions affected changes in FAMACHA scores. The forage treatment × age group 
interaction affected (P < 0.01) FAMACHA score changes between d 1 and d 51, and the forage 
treatment × number of offspring interaction tended (P = 0.053) to affect change in FAMACHA 
scores between d 1 and d 51. Conversely, there were no effects of treatments or interactions 
among treatments for FAMACHA scores changes on d 51 to d 115. Across the entire study, the 
forage treatment × number of offspring interaction affected (P = 0.02), and the forage treatment 
× age group interaction tended (P = 0.09) to affect FAMACHA score changes tabulated across 
the entire study period. Junell et al. (2016) reported that FAMACHA scores of goats were not 
affected by grazing endophyte-infected tall fescue for more than five months. Likewise, Backes 





During the entire study, the forage treatment × number of offspring, number of offspring 
× age group, and forage treatment × age group interactions were not detected (P ≥ 0.10) on fecal 
egg count (FEC). On d 1, fecal egg counts were greater (P < 0.01) from T than S, but these 
differences did not persist on subsequent sampling dates. Moreover, the young ewes (age group 
1) tended (P ≥ 0.09) to have greater fecal egg counts than age groups 1 and 2 on the initial 
sampling date, but this difference was not maintained throughout the remaining sampling dates.  
Fecal egg counts but did not differ (P = 0.96) between HE and MI on any sampling date. On d 51 
and d 115 were not differed (P ≥ 0.24) by forage treatment, number of offspring, and age of 
groups. 
Ewes Serum Prolactin, NEFA, and Serum Mineral Concentrations 
Serum concentrations of prolactin, NEFA, NEFA changes, Cu and Zn are presented in 
Table 4. Serum prolactin concentrations were not affected (P ≥ 0.13) by forage treatment or age 
group on d 51 (initiation of lambing), d 85 (end of lambing), or d 115 (~ 60 d post lambing). 
Likewise, the forage treatment × number of offspring, number of offspring × age group, and 
forage treatment × age group interactions did not affect (P ≥ 0.35) serum prolactin 
concentrations. However, on d 115, S ewes were tended (P = 0.08) to have greater serum 
prolactin concentrations than ewes bearing T. Several studies have reported decreased 
concentrations of prolactin in cattle grazing toxic tall fescue (Hoveland et al., 1983; Wallner et 
al., 1983; Thompson et al., 1987). Prolactin plays an important role for lactation and 
mammogenesis (Houdebine et al., 1985), and may also have broad significance in animal disease 
and reproductive performance in cattle (Strickland et al., 1994). Therefore, prolactin is used as an 
indicator of the degree of tall fescue toxicosis. In the current study, serum prolactin levels were 




concentrations between HE and MI in the present study was similar to those reported previously 
in sheep and goats (Junell et al., 2016). 
Serum NEFA concentration on d 51 and d 85 were not affected (P ≥ 0.12) by forage 
treatment, number of offspring, age of groups or any interactions. However, on d 115, age group 
3 NEFA concentrations were greater (P = 0.002) than those from age groups 1 and 2. Moreover, 
there was a tendency (P = 0.051) for the number of offspring × age group interaction to affect 
serum NEFA concentrations. Changes in serum NEFA concentrations between d 51 and 85 were 
not different (P ≥ 0.57) between ewes grazing HE and MI or when calculated across d 51 
through 11. However, NEFA changes between d 85 and d 115 tended (P = 0.09) to decline to a 
greater extent from MI vs HE. No other main effects or interactions affected (P ≥ 0.18) serum 
NEFA changes. Non-esterified fatty acid concentrations indicate the mobilization of body fat 
(Kronfeld, 1982; Blauwiekel and Kincaid, 1986), and NEFA concentrations have a negative 
correlation with energy balance (Erfle et al., 1974). Concentrations of NEFA increased in steers 
grazing endophyte-free tall fescue as the forage advanced in maturity and likely concentrations 
of ergovaline (McCracken et al., 1993). This has not been studied in pre-partum ewes grazing 
endophyte-infected tall fescue, however. In the current study, changes in concentrations of 
NEFA tended to be less negative in MI compared with HE indicating greater continued 
mobilization of fat in ewes grazing HE. 
None of the main effects or interactions affected (P ≥ 0.16) serum concentration of Cu 
across of the study. Serum concentrations of Zn tended (P = 0.07) to be lower on d 51 and were 
lower (P < 0.05) on d 85 and d 115 in age group 3 than age of groups 1 and 2 ewes, but other 
main effects and interactions did  not affect (P = 0.74) serum Zn concentrations. Copper is an 




1987). Copper is also a component in Cu, Zn superoxide dismutase that scavenges reactive 
oxygen species (Halliwell, 1987). Copper concentrations decreased in animals grazing 
endophyte-infected compared with non-infected tall fescue (Saker et al., 1998). Coffey et al. 
(1992) reported that supplementation with Cu increased ceruloplasmin and serum Cu levels in 
steers grazing infected tall fescue. Copper and Zn concentrations in pre- or post-partum ewes 
grazing HE and MI tall fescue have not been reported. In the current study, we found no 
difference in serum Zn and Cu level between ewes grazing HE or MI tall fescue. Such results 
could be because there was insufficient difference in toxin concentrations in HE or MI tall fescue 
to elicit a differential negative impact on serum Cu or Zn. 
Lambs growth performance 
Lambs performance measurements for singles and twins and the changes over time by the 
different groups of treatments are shown in Table 5. The interaction between treatment and birth 
type was not detected (P ≥ 0.20) for any of the lamb performance measurements. Body weight 
(BW) and body weight changes of single lambs were greater (P < 0.05) than that of twin lambs 
throughout the study regardless of forage endophyte level. Likewise, BCS 60 d post-lambing was 
greater (P < 0.05) from singles vs. twins, likely due to those lambs having heavier BW. This 
agrees with one study that reported no effects of grazing endophyte-infected fescue on BW of 
lambs (Bond et al., 1988) or birth weight of calves (Schmidt et al., 1986). However, others 
reported a decrease in birth weight following grazing endophyte-infected tall fescue (Bolt and 
Bond, 1989). In the current study, no differences in BW were detected between the endophyte 
levels, likely implying that the ergovaline concentrations between the treatments were not large 




Most of the previous publications reported that lamb BW decreased when grazed on 
endophyte-infected tall fescue. This could be due to low levels of prolactin by ewes feeding their 
lambs (Duckett et al., 2014). It was assumed that the endophyte hampers lipid metabolism, 
mammary growth, and milk production and secretion (Banchero et al., 2006; Mabjeesh et al., 
2013). However, in our current trial, we found no difference between HE and MI. This implies 
that change in ewe physiology were not sufficient to affect performance by their lambs. 
More studies are needed to enhance our understanding of the possible correlations 
between tall fescue toxins and performance by animals of different species and production 
statuses. This information will help producers better understand animal growth performance 
responses to tall fescue toxins which will help them better manage animals to diminish losses 
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Table 1. Ewe lambing supplement and guaranteed analysis of the mineral supplement offered free-
choice to all ewes grazing tall fescue pastures with different levels of endophyte infection 
 
 Ewe lambing supplement Mineral supplement  
Component % as fed Component Guaranteed analysis  
 Barley 37.92% Calcium (max)  18.0% 
 SBM 10.15% Calcium (min)  15.0% 
 Cracked corn 41.91% Phosphorus  8.0% 
 Molasses 7.10% Salt (max)  22.2% 
   Salt (min)  18.5% 
 CP 13.8%* Potassium  1.5% 
 TDN 82.2%* Magnesium  5.0% 
   Copper (max)  375 ppm 
   Copper (min)  275 ppm 
   Iodine  320 ppm 
   Manganese  2,000 ppm 
   Zinc  3,500 ppm 
   Vitamin A  63,500 IU/kg 
   Vitamin D3  15,875 IU/kg 
   Vitamin E  340 IU/kg 
 *Calculated from (NRC, 2007) 
 ppm = parts per million or mg/kg 





Table 2. Forage quality components and ergot alkaloid concentrations from high and  
moderate endophyte-infected tall fescue pastures grazed by sheep. 
 







































































aHE = high endophyte-infected tall fescue (90% infected); MI = Moderate endophyte-





Table 3. Body weight, body condition score, FAMACHA, and fecal egg counts by ewes in different age groups with singles or twins 
grazing tall fescue with high (HE) or moderate (MI) levels of endophyte infection. 
 
  Forage  Number of lambsa  Age groupb  
 HE MI SE S T SE 1 2 3 SEc Effectd 
Body weight, kg      n=18         n=32           n=16    n=18          n=16 
 d 1 50.1 47.6 1.95 47.7 49.9 2.06 37.0 48.2 61.3 2.50 A 
 d 51 48.7 47.8 2.18 47.3 49.3 2.31 40.9 45.0 58.8 2.76 A 
 d 115 47.6 44.2 1.97 44.8 47.0 2.05 40.1 43.1 54.6 2.51 A 
Body weight changes, kg 
 d 1-51 -1.3 0.18 1.1 -0.45 -0.67 1.2 3.8 -3.0 -2.5 1.4 A 
 d 51-115 -1.0 -3.4 0.6 -2.3 -2.1 0.6 -0.7 -1.9 -4.1 0.7 T, A 
 d 1-115 -2.3 -3.3 1.2 -2.8 -2.8 1.3 3.0 -4.9 -6.6 1.5 A 
Body condition scorese 
 d 1 2.8 2.9 0.09 2.7 2.9 0.10 2.5 3.0 3.0 0.12 A 
 d 51 2.3 2.4 0.11 2.4 2.3 0.12 2.2 2.4 2.6 0.14 ns 
 d 115 2.2 2.1 0.25 2.6 1.7 0.26 1.7 2.5 2.2 0.32 N 
Body condition score changes 
 d 1-51 -0.4 -0.4 0.14 -0.3 -0.5 0.14 -0.2 -0.6 -0.4 0.17 ns 
 d 51-115 -0.1 -0.3 0.27 0.1 -0.6 0.28 -0.5 0.1 -0.3 0.34 n 
 d 1-115 -0.5 -0.8 0.26 -0.1 -1.1 0.28 -0.7 -0.4 -0.8 0.33 N 
a S = singles; T = twins. 
b Age groups were 1 = yearling ewes; 2 = 2 to 3-yr-old ewes; 3 = greater than 3 years of age. 
c SEM = Pooled standard error of the mean. 
d Effects: ns = no significant differences (P > 0.10); N, n = number of offspring effect (P < 0.05 and 0.10, respectively); T = treatment 
effect (P < 0.05 and 0.10, respectively); A = age group effect (P < 0.05). 






Table 3 continue 
  Forage  Number of lambsa  Age groupb  
 HE MI SE S T SE 1 2 3 SEc Effectd 
FAMACHAe               n=18          n=32 
 d 1 1.9 1.7 0.15 1.5 2.0 0.16 1.9 1.6 1.8 0.20 n, T×A 
 d 51 2.3 2.3 0.13 2.1 2.4 0.14 2.1 2.3 2.4 0.17 t×a 
 d 115 2.0 1.9 0.17 1.9 2.1 0.18 1.9 2.1 1.9 0.22 ns 
FAMACHA changes 
 d 1-51 0.4 0.4 0.19 0.5 0.3 0.19 0.1 0.7 0.5 0.24 t×n, T×A 
 d 51-115 -0.3 -0.2 0.21 -0.2 -0.2 0.22 -0.2 -0.1 -0.4 0.27 ns 
 d 1-115 0.1 0.2 0.21 .3 0.06 0.22 -0.09 0.5 0.08 0.27 T×N, t×a 
Fecal egg counts 
 d 1 501.2 501.2 1.51 158.5 1584.9 1.55 1258.9 251.2 398.1 1.66 N, a 
 d 51 630.9 398.1 1.66 316.2 794.3 1.70 630.9 251.2 794.3 1.78 ns 
 d 115 794.3 251.2 2.30 316.2 630.9 2.00 1000.0 251.1 398.1 2.57 ns 
 
a S = singles; T = twins. 
b Age groups were 1 = yearling ewes; 2 = 2 to 3-yr-old ewes; 3 = greater than 3 years of age. 
c SEM = Pooled standard error of the mean. 
d Effects: ns = no significant differences (P > 0.10); N, n = number of offspring effect (P < 0.05 and 0.10, respectively); T = treatment 
effect (P < 0.05 and 0.10, respectively); A = age group effect (P < 0.05). 







Table 4. Non-esterified fatty acid (NEFA), serum prolactin, and trace mineral concentrations by ewes in different age groups with 
singles or twins grazing tall fescue with high (HE) or moderate (MI) levels of endophyte infection. 
  Forage   Numbera   Age groupb  
 HE MI SE S T SE 1 2 3 SEc Effectd 
Prolactin, ng/mL             n=18         n=32                n=16          n=18         n=16 
 d 51 33.7 23.0 9.70 24.0 32.8 10.40 24.9 25.4 34.8 12.56 ns 
 d 85 39.4 38.4 6.41 44.6 33.3 6.64 29.8 40.0 47.0 8.10 ns 
 d 115 47.4 51.2 8.00 60.8 37.8 8.45 37.3 56.1 54.5 10.10 n 
NEFA, uEq/L 
 d 51 366.6 437.2 81.00 340.7 463.1 87.52 299.6 377.3 528.8 106.00 ns 
 d 85 870.6 919.8 80.10 892.9 897.5 83.85 779.1 994.2 912.3 101.00 ns 
 d 115 435.1 317.8 55.45 406.5 346.4 58.10 256.1 356.5 516.6 70.30 A, n×a 
NEFA changes 
 d 51-85 519.9 525.3 144.0 561.3 483.8 154.1 551.1 639.5 377.1 187.3 ns 
 d 85-115 -440.6 -601.7 72.4 -490.9 -551.4 75.8 -528.9 -639.5 -395.1 91.6 t 
 d 51-115 67.4 -121.1 111.3 65.0 -118.7 119.4 -46.7 -21.8 -11.8 144.7 ns 
Mineral, Cu, mg/L 
 d 51 1.1 1.1 0.07 1.1 1.1 0.08 1.2 1.1 1.0 0.09 ns 
 d 85 0.7 0.7 0.05 0.7 0.7 0.05 0.7 0.6 0.8 0.06 ns 
 d 115 0.7 0.7 0.06 0.6 0.7 0.06 0.7 0.6 0.7 0.07 ns 
Zn, mg/L 
 d 51 1.9 1.8 0.19 1.8 2.0 0.21 2.1 2.1 1.5 0.25 a 
 d 85 1.7 1.8 0.14 1.7 1.8 0.15 1.9 1.9 1.5 0.18 A 
 d 115 1.8 1.7 0.14 1.7 1.8 0.14 2.0 1.8 1.4 0.18 A 
a S = singles; T = twins. 
b Age groups were 1 = yearling ewes; 2 = 2 to 3-yr-old ewes; 3 = greater than 3 years of age. 
c SEM = Pooled standard error of the mean. 
dEffects: ns = no significant differences (P > 0.10); n = number of offspring effect (P < 0.10); A, a = age of groups (P < 0.05 and 






Table 5. Growth performance and BCS at d 60 (weaning time) from lambs grazing high (HE) 
and moderate (MI) endophyte-infected tall fescue pastures through May. 
Item HE MI   
 Sa T S T SEMb Effectc 
Lamb BW, kg       
d 0 4.5 3.6 4.1 3.6 0.19 N 
d 30 13.2 9.7 12.1 9.8 0.49 N 
d 60 20.8 15.4 20.6 15.1 0.79 N 
BW changes, kg       
d 0 to 30 9 6 8 6.1 0.36 N 
d 30 to 60 7.6 5.7 8.4 5.2 0.37 N 
d 0 to 60 16.3 11.7 16.5 11.4 0.67 N 
BCSd       
d 60 3 2.6 3 2.8 0.08 N 
 
a S = single-born lambs; T = twin-born lambs. 
b SEM = Pooled standard error of the mean. 
c Effects: N = number of offspring effect (P < 0.05). 






Effect of endophyte-infected tall fescue on the sheep rumen microbial community 
Abstract 
Tall fescue (Schedonorus arundinaceus) is a cool-season perennial grass that is widely used as a 
forage for many livestock species including sheep. An endophyte (Neotyphodium coenophialum) 
in tall fescue produces ergot alkaloids that enhance plant survival but cause toxicity in animals. 
The objective of this study was to determine differences in the rumen fluid microbiome from peri-
parturient ewes grazing tall fescue pastures with high (HE) or moderate (MI) levels of endophyte 
infection. Rumen samples were taken via sterile stomach tubes from ewes and stored at -20°C 
before subjected to DNA extraction and Illumina sequencing (MiSeq 2 × 250 V2).  The MI group 
had lower observed OTUs, Shannon and Chao at d 115 than HE (P < 0.08). The ANOSIM on beta 
diversities among groups were greater on d 115 (P = 0.01) from HE than MI. Their significance 
scores ranked features with mean decreased accuracy MDA > 3 were considered highly predictive 
in this study. We found that members of Bacteroidetes_Prevotella bacteria OTUs were shared 
across measurements of importance in that they were correlated with BW changes, prolactin 
concentrations, non-esterified fatty acid changes, and fecal egg counts. At the end of the study, 
there was an increased abundance of the rumen bacteria from the dominant group Firmicutes in 
HE vs. MI (60% vs. 53 %, respectively). Further studies are needed to include endophyte-free 
forages to refine the impact of endophyte toxins on microbiome communities in grazing livestock 
and verify effects of peri-parturient stage. 






 Tall fescue [Schedonorus arundinaceus (Schreb.) Dumort] is a cool-season perennial 
grass that is used widely as a forage for livestock (Paterson et al., 1995). More than 90% of the 
tall fescue pastures are infected with the endophytic fungus Neotyphodium coenophialum (Ball et 
al., 2003). The endophyte increases survival of the tall fescue plant under extreme weather 
conditions (Hoveland et al., 1983; Bouton et al., 1993). However, the fungal endophyte produces 
ergot alkaloids that are detrimental to livestock (Bacon et al., 1986; Hill et al., 2001; Rogers et 
al., 2011). Mycotoxins are molecules of lower molecular weight produced by fungi, which elicit 
toxic responses in an animal; they are secondary metabolites of molds that belong to different 
genera (Zain, 2011). Mycotoxins are difficult to define and to classify because of their chemical 
structure and biosynthetic origins, biological impacts, and their production through several 
fungal species (Zain, 2011). One of the most common classes of mycotoxins is ergot alkaloids. 
They are among the most famous and fascinating mycotoxins arising from fungal metabolism; 
they are characterized as indole alkaloids and derived from a tetracyclic ergoline ring (Bennet 
and Klich, 2003). 
 Ruminants tend to be less susceptible to mycotoxins since the rumen microbiota and diet 
particles that are contained in the rumen compartment could be effective in deactivation, 
degradation, and binding of toxic molecules, thus protecting animals (Ditsch and Aiken, 2009). 
Ergovaline was degraded in vitro in rumen fluid, but degradation endproducts were not measured 
(Moyer et al., 1993). However, the concentration of total ergot alkaloids increased in the liquor 
of the rumen over time (Stuedemann et al., 1998). Their data were interpreted to mean that the 
rumen microflora metabolized ergovaline or ergopeptine alkaloids to lysergic acid amides. In 
another in vitro study, ergopeptine alkaloids and lysergic amides were purified and investigated 




rumen had a better tendency for ergot alkaloid transport than ruminal, reticular, or omasal tissue. 
In addition, their study reported that the ergopeptine alkaloids transferred across gastric tissues at 
a lower rate than did lysergic acid. Therefore, the interaction of ruminal microbiota and 
ergovaline and other ergot alkaloids in the rumen is unclear at the present time. The objective of 
the study is to determine differences in the rumen fluid microbiome from ewes that grazed tall 
fescue with high or moderate levels of toxic endophyte infection. 
Materials and Methods 
This study was conducted from early February to late May 2016 at the USDA, ARS Dale 
Bumpers Small Farms Research Center (DBSFRC), Booneville, AR, USA (35°05’ N, 93°59’ W, 
152 m a.s.l.). All experimental procedures and husbandry practices in this experiment were 
reviewed and approved by the University of Arkansas Institutional Animal Care and Use 
Committee (Protocol # 16046). 
Animal Management 
Fifty Katahdin ewes (ages 2 to 9 years) confirmed as pregnant via ultrasound were 
selected from the DBSFRC flock, then stratified by body weight within age and number of 
fetuses and were allocated randomly into three groups. Two groups, groups 1 (ewes reared 11 
twins and 6 singles) and group 3 (ewes reared 9 twins and 6 singles) contained 15 ewes each, and 
one group (group 2 ewes reared 12 twins and 6 singles) contained 20 ewes. Groups 1 and 3 were 
allocated to tall fescue pastures with a high level of endophyte infection (HE; 90% infected), and 
group 2 was allocated to a tall fescue pasture with moderate infection with the endophyte (MI; 
58% infection). Within each of these larger groups, ewes were selected at random for rumen 
sampling. This resulted in 5 ewes selected from group 1 (HE) and 3 ewes from group 3 (HE) 
with average initial body weight (BW) of 51.6 ± 2.64 kg and an initial average body condition 




BW of 40.6 ± 2.82 kg, and an initial BCS of 2.7 ± 0.19. All ewes had access to water and free 
choice trace mineralized salt (Table 1). 
Blood samples were taken from the jugular vein of each ewe immediately before the 
beginning of the study (d 1), the week before initiation of lambing (d 51), and at the end of the 
trial, which also corresponded to ~60 d post-lambing (d 115). Blood was collected into serum 
separator vacuum tubes (BD #367988 Vacutainer®, Becton Dickinson, Inc., Franklin Lakes, NJ, 
USA). Samples were transported on ice and stored in a standard refrigerator at 4°C overnight. 
The samples were then centrifuged (3000 × g for 20 min.) and transferred to plastic tubes and 
stored frozen (-20°C) for subsequent analyses. 
Rumen fluid samples (~ 10 mL) were taken directly from the rumen from all ewes 1) at 
the start of the study (d1), 2) four weeks after lambing (d 51), and 3) at the end of the study (d 
115) by oral lavage using sterile 60 mL syringes and autoclaved tubes. Rumen samples from 
each ewe were kept separately in 50 mL centrifuge tubes and cooled in dry ice for transport to 
the University of Arkansas, and stored at -20ºC until DNA extraction. 
Tall fescue grass samples were collected monthly from each pasture throughout the 
study. Samples of tall fescue (n = 20/pasture) were harvested by walking in a zigzag pattern 
through each pasture and hand-clipping random samples to a 2.5 cm stubble height. The samples 
were placed in zip-lock plastic bags, stored on ice immediately, and then placed into a 
conventional freezer for at least 2 h. The grass samples were transported to University of 
Arkansas Animal Science Department, stored in an ultra-low freezer (-80°C), until lyophilized. 
Dried forage samples were ground to pass through 1-mm screen using a Thomas-Wiley 
laboratory mill model 4 (Arthur Thomas Co. Philadelphia, PA) and stored in an ultra-low freezer 




Tillers for testing for the presence of endophyte fungus were collected on February 18th 
by walking a zigzag pattern in the pastures, and collecting tall fescue tiller samples at random 
(50 per pasture). Stems were cut with a sharp knife to a height of 12.5 cm above of the soil 
surface. Tissue that contained the leaves was discarded; the tillers were rolled into moist paper 
towels to prevent drying, and then placed in plastic zip lock bags and stored in a refrigerator 
(1°C) pending endophyte analysis. 
Laboratory Analyses 
Sequential analyses for forage neutral detergent fiber (NDF) and acid detergent fiber 
(ADF) were performed using the filter bag procedures described by Vogel et al. (1999) using an 
Ankom 200 Fiber Analyzer (ANKOM Technology Corporation, Fairport, NY;). Nitrogen 
concentrations were determined via Dumas total combustion method (Elmentar Americas, Mt. 
Laurel, NJ; Method 990.03; AOAC, 1998). Crude protein (CP) was calculated by multiplying the 
total N concentration by 6.25. 
Tall fescue samples were analyzed for total ergot alkaloids using Agrinostics Photo 
screen Ergot Alkaloids kit (Agrinostics Ltd. Co., Watkinsville, GA; Adcock et al., 1997). Forage 
ergovaline concentrations were also determined using the HPLC procedure of Rottinghaus et al., 
(1991). Pasture endophyte infection rates were analyzed using immunoblot test kits (Agrinostics 
Ltd. Co., Watkinsville, GA). 
 Serum samples were analyzed for non-esterified fatty acid (NEFA) concentrations using 
an in vitro enzymatic colorimetric kit (NEFA-HR (2); Wako Chemicals, Inc., Richmond, VA, 
USA). Serum prolactin concentrations were determined at the University of Tenessee using their 
standard lab protocol following the procedures of Bernard et al. (1993) with inter- and intra-




Feces sample were taken directly from the rectum of each ewes and stored separately into 
plastic bag in refrigerator until processed. Fecal egg counts (FEC) were determined by the 
modified McMaster technique (Whitlock, 1948). Two grams of feces were weighed and diluted 
in a saturated NaCL solution. Then the solution was sieved, pipetted, and placed in both 
champers of a McMaster slide. (Chalex Corporation, Issaquah, WA). Eggs were counted by a 
binocular microscope (Standard 20, Fisher Scientific, Raleigh, NC) at 100 × power. The result 
was multiplied by 50 to get the quantity of eggs per gram of feces. 
Microbial Methods and Analysis 
DNA Extraction and 16S rDNA Amplification 
The total bacterial DNA was extracted from each sample by using the PowerSoilTM DNA 
Isolation Kit (MO BIO Laboratories, Inc. Carlsbad, CA). The DNA purification and 
pyrosequencing were conducted (Li et al., 2015) to determine differences in the rumen 
microbiome from ewes that grazed tall fescue with moderate and high levels of endophyte 
infection. Using the provided PowerBead Tubes, 100 µL of rumen fluid were placed in glass 
bead tubes (PowerLyzer) with 750 µL of bead solution. Briefly, 60 µL of the solution C1 was 
added to each sample, which were then gently mixed to disperse the sample in the bead solution, 
then mixed at maximum speed for additional 10 min. The samples were mixed using a 
beadbeater vortex at 4000 rpm for 2 min. The samples were incubated and heated for 10 min at 
65°C, centrifuged at 10,000 × g for 30 s, and then 400 to 500 µL of the supernatant was 
transferred to clean 2 mL collection tubes. Two hundred fifty µL of the solution C2 was added to 
each sample and vortexed for 5 s. Tubes were then incubated at 4˚C for 5 min and then 
centrifuged for 1 min at 10,000 × g at room temperature. Up to 600 µL of the supernatant was 




each sample in the tubes, briefly vortexed, and then incubated at 4˚C for 5 min. The samples 
were then centrifuged for 1 min at 10,000 × g at room temperature. Approximately 750 µL of the 
supernatant were transferred into clean 2 mL collection tubes then 1200 µL of solution C4 was 
added to each tube. The tubes were gently vortexed for 5 s. About 675 µL of the samples were 
loaded onto the spin filter then centrifuged at 10,000 × g for 1 min at the room temperature. The 
flow-through after filtrate was discarded, and 675 µL of supernatant was transferred to the spin 
filter then centrifuged for 1 min at 10,000 × g at room temperature. After discarding the flow-
through, the remaining supernatant was transferred into the spin filter, then centrifuged at 10,000 
× g for 1 min at room temperature. Five hundred µL of solution C5 was added to the tubes to 
wash the pellets, and then centrifuged for 30 s at 10,000 × g at the room temperature. The flow-
through was discarded and centrifuged again at room temperature for another 1 min at 10,000 × 
g in this step; the spin filters were carefully transferred into clean 2 mL collection tubes. The 
purified DNA was then eluted with 50 µL of solution C6 to the center of the white filter 
membrane then centrifuged at room temperature for 30 s at 10,000 × g and stored at -20˚C until 
ready to use. 
DNA Quality and Quantity 
The DNA concentration (absorbance at 260 nm) and the DNA purity (absorbance ratio 
260/230 and 260/280) were measured spectrophotometrically by using NanoDrop (Thermo 
Fisher Scientific, Waltham, MA, USA). The ratio from A260 nm / A230 nm and A260 nm / A280 nm were 
used to indicate the possible DNA contamination with organic compounds and buffer salts. The 
quantity and integrity were assessed using agarose (1.0% wt/vol) gel electrophoresis (1 hr, 10 × 
15 cm Mini-Sub® Cell GT, Bio-Red, Hercules, CA, USA) at 60V and DNA Ladder 1 Kb and 




PCR amplification was performed by using a T100 thermal cycler (Bio-Rad, Hercules, CA, 
USA). All 16S PCRs conditions were followed by 30 s initial denaturation at 95˚C; 30 cycles at 
95˚C for 10 s annealing at 55˚C for 30 s, at 72˚C for 1 min, at a 72˚C final extension for 10 min. 
The final PCR products were examined by using 1.0% agarose gel electrophoresis. 
Next-generation Sequencing and Data Analysis  
Next-generation sequencing were performed on Illumina MiSeq sequencer located in the 
Biomass lab. The V4 hypervariable region of 16S rDNA gene were amplified and sequenced on 
an Illumina MiSeq 2 × 250 platform. 
A 10 ng of DNA aliquot isolated from each ruemn samples was utilized to construct a 
sequencing library targeting the V4 region of 16S rRNA following a previous report (Kozich et 
al., 2013). Each DNA samples were amplified with dual-index primers by PCR and amplicons 
were normalized using a SequalPrepTM Normalization kit (Life Technology) according to the 
manufacturer’s recommendation. The PCR amplicons from each samples were possessed 
specific barcode sequence to discriminate between each other in the pooled. A five microliter 
aliquot of each normalized sample were combined to generate 1 pooled library for further assays. 
The concentration of both library and the exact product size were measured by KAPA Library 
Quantification Kit (Kapa Biosystem, Woburn, MA, USA) via a quantitative PCR (qPCR, 
Eppendrof, Westbury, NY, USA) assay and an Agilent 2100 Bioanalyser System (Agilent, Santa 
Clara, CA, USA). Based on the qPCR and Bioanalyser results, the pooled library was diluted to 4 
nM prior to sequencing. 
A pooled library (20 nM) and PhiX control v3 (20 nM) (Illumina) were mixed with 0.2 N 




resulting library was also mixed with PhiX control v3 (5%,v/v) (Illumina) and 600 uL loaded on 
a MiSeq1 v2 (500 cycle) Reagent cartidge for sequencing. 
The mothur v.1.39 software package was used to process raw sequences (Schloss et al., 
2009) following the standard procedures of MiSeq (Kozich et al., 2013). Low-quality sequence 
reads were deleted based on homopolymers longer than 8 bp, ambiguous bases, and raw reads of 
500 bp or longer. The sequences were aligned with the SILVA database which contained the 
full-length sequence taxonomy references (https://www.mothur.org/wiki/Silva_reference_files 
#Release_128). The chimeric sequences were removed using the UCHIME (Edgar et al., 2011). 
Also, the singletons were removed to decrease the size of the distance matrix. High-quality 
sequences were clustered into operational taxonomic units (OTUs) having a similarity of 97% 
cutoff and classified by using the RDP Classifier. This Classifier is a naïve Bayesian algorithm 
that is used to classify unknown bacteria at greater levels of taxonomic identification (Wang et 
al., 2007). After normalization to the smallest number of reads (6946), alpha and beta diversity 
were estimated. Alpha diversity metrics used consist of OTUs observed, Shannon (Shannon and 
Weaver, 1949), and Chao (Chao and Lee, 1992). The Bray-Curtis (Bray and Curtis, 1957) and 
Jaccard distance metric were measured to evaluate the dissimilarities in community structure and 
membership, respectively. Principal Coordinates Analysis (PCoA) was utilized to visualize these 
distances. The alpha and beta diversities were compared across the sample within different 
treatments. Random forest (Breiman, 2001) has been commonly used to analyze microbiome 
data (Planer et al., 2016; Yatsunenko et al., 2012) because it can deal with the high-dimensional 
microbial data which has more variables of OTUs than samples, and also, interactions between 
OTUs. The random forest can also estimate the significance of features or variables for 




permuted. The variable important plot is generated by ranking each variable using its importance 
scores (MDA, mean decrease accuracy), with the top variable or features being the greatest 
predictive. All top features with an MDA>3 were considered to be most important in this study. 
The supervised random forest was completed by using the package ‘randomForest’ v.4.6.-7 in R 
with 10,000 trees. The Mtry is the square root of the number of predictors and it was used as the 
default setting (mtry=22 in this experiment). 
Results 
Forage and Animal Measurements 
 Ergovaline concentrations were lowest in both treatments at the beginning of the study 
and increased gradually, resulting in the greatest concentrations at the end of the study in both 
HE and MI (Table 2). Although ergovaline concentrations were 5.5, 1.5, 1.1 and 2.3 times 
greater from HE compared with MI on the February (18), March (12), April (12), and May (12) 
sampling dates respectively, ergovaline concentrations were low (< 100 μg/kg) from both 
treatments on the first 3 sampling dates. Total ergot alkaloids followed a somewhat similar 
pattern to ergovaline concentrations, except that the lowest total ergot alkaloid concentrations 
occurred on the March (12) sampling date. 
 Performance and serum measurements from the ewes used in the current study are 
presented in Table 3. The BW changes during this study were not different (P > 0.10) between 
ewes having singles and those having twins or between HE and MI. Serum prolactin 
concentrations were not different (P > 0.10) between treatments or number of offspring reared on 
d 51 (initiation of lambing). However, on d 115 (~60 d post-lambing), PRL concentrations 
tended to be greater (P = 0.09) between S and. T, but not between HE and. MI (P = 0.93). Serum 




of offspring reared. In fecal eggs count, other than a tendency (P = 0.050) by the treatment and 
number of offspring reared on d 1, there were no different (P ≥ 0.10) between treatments or 
number of offspring reared on d 51 as well as on d 115. 
Qualitative Analysis 
The number of sequences detected across all ewes averaged from 7,357 to 19,254 for HE 
and MI groups, The range of number of sequences for each animal within groups averaged from 
12,391 in HE to 9,845 in MI groups, respectively. The number of sequences identified a wide-
range of similarities between partial 16S rDNA sequences and the databases using a 97% 
similarity. 
Rarefaction curves (Fig. 1) were calculated by using the number of observed OTUs as a 
function of the number of sequences sampled for assessing whether sampling effort provided 
sufficient OTUs coverage to accurately describe the total bacterial composition of each group. 
The rarefaction curves showed that the sequencing effort could cover the majority of OTUs 
within the rumen. The greatest of rarefaction curves per sample reached the saturation plateau, 
indicating that the samples had adequate sequence coverage to describe the rumen community of 
each group accurately. 
Treatment Shapes on Rumen Microbial Alpha Diversities 
One objective of this study was to investigate the various microbial diversities in ruminal 
fluid between ewes grazing HE and MI within different periods. On d 1 and d 51, there were no 
differences in observed OTUs between HE and MI (P = 0.59, P = 1.0; respectively; Fig. 2 A), 
but observed OTUs were tended (P = 0.06) to be greater from HE than MI on d 115. Likewise, 
there were no differences in Shannon between HE and MI on d 1 (P = 0.55) or d 51 (P = 0.67; 




greater than that from MI on d 115. Rumen diversities as measured by Chao indexes were not 
different between HE and MI on d 1 (P = 0.25) and d 51 (P = 0.65), but Chao indexes were 
lower (P < 0.02) in MI than HE on d 115. 
Beta Diversity (Bray-Curtis) 
Beta diversity is a term for the comparison of samples to each other and provides a 
measure of the distance or dissimilarity between each sample pair. The Bray-Curtis based 
method that takes abundance into account, was calculated and used for visualization of the data 
present in the principal co-ordinate analysis (PCoA) in our study (Fig. 2). Using pairwise 
ANOSIM testing of the sample groups, the composition of the bacteria diversity on d 1 did not 
differ (P = 0.63, R = -0.038; Fig. 3 A) between HE and MI. However, the beta diversities 
between HE and MI differed on d 51 (P = 0.06, R = 0.31; Fig. 3 B) and d 115 (P = 0.01, R = 
0.30; Fig. 3 C). 
Bacteria OTUs that differentiate HE vs. MI tall fescue forage 
Using random forest, we identified bacteria species that differed between HE and MI. 
The top 20 predictors are listed based on their ability to differentiate between HE and MI tall 
fescue. Four among the top 20 bacteria that differentiate HE and MI were listed as the most 
sensitive in distinguishing between the forages. The OTU376 associated with 
Bacterodetes_Prevotella was ranked # 1 based on its importance in differentiating between HE 
and ME (Fig. 4 A). Its relative abundance was greater (P = 0.01) in MI with very low abundance 
in HE (Fig. 4 B). The second most important differentiating bacteria was OTU266 
(Actinobacteria_Coriobacteriaceae_unclassified). Its relative abundance tended to be greater (P 
= 0.09) in HE than MI. The third most important bacteria in differentiating between treatments 




MI than HE. The OTU174 (Firmicutes_Lachnospiraceae_unclassified) ranked as fourth based 
on its senstivity to differentiate between treatments. Its relative abundance tended to be greater 
(P = 0.06) in HE compared with a very low abundnace in MI. 
Bacteria OTUs in the Ewe Rumen that Correlate with Peri-parturient BW Gain, 
Physiological, and Fecal Egg Count Measurements 
 In this study, the observed top 30 bacteria using random forest were used as predictors 
across treatments based on their correlation with BW change. A linear regression analysis was 
performed to determine the relationship between rumen bacteria OTUs in the rumen and BW 
changes during this study (Table 4). We selected the first five bacteria OTUs that had a high 
relationship with BW gain based on random forest analysis (Fig. 5). The OTU221 
(Bacterodetes_Prevotella) and OTU345 (Bacteria_unclassified) were similarly and positively 
correlated with BW gain (r2 ≥ 0.42, P ≤ 0.002). The OTU153 
(Verrucomicrobia_genus_incertae_sedis) and OTU480 
(Bacteroidetes_Bacteroidetes_unclassified) were negatively correlated with BW gain (r2 = 0.30, 
P = 0.13; r2 = 0.17; tended to be P = 0.08; respectively). The fifth OTUs identified by random 
forest, OTU106 (Firmicutes_Ruminococcaceae_unclassified), was not correlated with BW gain 
(r2 = 0.10, P = 0.17). 
 Correlation of PRL concentration with bacteria OTUs are presented in Fig. 6 A (d 51) and 
B (d 115), and a linear regression analysis was performed to determine the relationship between 
bacteria OTUs in the rumen and PRL concentrations (Table 4). We again selected the first five 
bacteria OTUs based on their high abundance and importance in predicting PRL concentrations 
using random forest. On d 51, the greatest correlated OTUs with PRL were OTU374 




both having negative correlations (r2 ≥ 0.63, P = 0.003) with PRL. Conversely, OTU362 
(Bacteria_unclassified_Bacteria_unclassified) was correlated positively with PRL (r2 = 0.43, P = 
0.03). The OTU452 (Firmicutes_Clostridiales_unclassified) was not correlated with PRL (r2 = 
0.25, P = 0.12) on d 51, but OTU034 (Bacteroidetes_g_Prevotella) was correlated negatively (r2 
= 0.57, P < 0.01) with PRL on d 51. 
On d 115 OTU158 (Bacteroidete_Prevotellaceae_unclassified) was ranked first using 
random forest, but was not correlated with PRL (r2 = 0.23, P = 0.11). However, OTU476 
(Firmicutes_Lachnospiraceae_unclassified), was correlated negatively (r2 = 0.60, P = 0.002) with 
PRL on d 115. The OTU429 (Firmicutes_Firmicutes_unclassified) tended to be correlated 
positively (r2 = 0.27, P =0.08), OTU345 (Bacteria_unclassified_Bacteria_unclassified) was 
correlated positively (r2 = 42, P = 0.02) and OTU14 (Actinobacteria_Olsenella) tended to be 
correlated positively (r2 = 0.31; P = 0.06) with PRL concentrations on d115. 
 Changes in serum NEFA concentrations between d 51 and d 115 were calculated and the 
correlation between these changes and bacteria OTUs were determined following similar 
procedures for the PRL analyses (Fig. 6). Correlations were assessed between the top 5 OTUs and 
change in NEFA concentrations. The OTU499 (Bacteroidetes_Prevotella) were correlated 
negatively (r2 = 0.66, P = 0.002) and OTU320 (Firmicutes_Clostridiales_unclassified) tended to 
be correlated negatively (r2 = 0.29; P = 0.09) with the changes in NEFA concentrations. The 
OTU95 (Firmicutes_Clostridiales_unclassified), OTU474 and OTU94 
(Firmicutes_Firmicutes_unclassified) were all correlated positively with NEFA changes (r2 = 0.52, 
0.64, and 0.48, respectively; P ≤ 0.016). The members of Bacteroidetes_Prevotella were shared in 




 Correlation of fecal eggs count (FEC) with bacteria OTUs are presented in Fig. 8 A (d 1), B 
(d 51), and C (d 115). A linear regression analysis was performed to determine the relationship 
between bacteria OTUs in the rumen and FEC (Table 5). We again selected the first five bacteria 
OTUs based on their high abundance and importance in predicting FEC using random forest. On d 
1, the greatest correlated OTUs with FEC was OTU254 (Firmicutes_Ruminococcaceae) having a 
positive correlation (r2 = 0.31, P = 0.04). Conversely, OTU453 and OTU90, which have the same 
phyla and genii (Bacteroidetes_Bacteroidetes) were negatively correlated with FEC (r2 ≥ 0.32, P ≥ 
0.02). The OTU78 (Firmicutes_Succiniclasticum) was positively correlated with FEC (r2 = 0.36, P 
= 0.02). The OTU475 (Bacteroidetes_Prevotella) ranked as fifth based on its importance in 
predicting FEC using random forest but was not significantly negative correlated (r2 = 0.13, P = 
0.21) with FEC. 
On d 51, the OTU170 (Firmicutes_Clostridiales) was ranked as first based on its high 
abundance and importance in predicting FEC, but was not significantly correlated with FEC (r2 = 
0.25, P = 0.13). However, the OTU264 (Firmicutes_Lachnospiraceae) was negatively correlated 
with FEC (r2 = 0.70, P = 0.002). The OTU361 (Firmicutes_Veillonellaceae) was ranked as the 
third based on its importance in predicting FEC but was not significantly correlated with FEC on d 
51 (r2 = 0.24, P = 0.14). In contrast, OTU178 (Firmicutes_Mogibacterium) was negatively 
correlated with FEC (r2 = 0.51, P = 0.02). The OTU480 (Bacteroidetes_Bacteroidetes) was ranked 
as the fifth based on its importance in predicting FEC, but was not significantly correlated with 
FEC (r2 = 0.08, P = 0.42). 
On d 115, OTU159 (Bacteroidetes_Prevotellaceae) and OTU335 
(Actinobacteria_Coriobacteriaceae) were positively correlated (r2 ≥ 0.63, P ≤ 0.001). Conversely, 




predicting FEC, but was not significantly correlated (r2 = 0.20, P = 0.12) with FEC. The OTU310 
(Actinobacteria_Coriobacteriaceae) tended (r2 = 0.28, P = 0.06) to be positively correlated with 
FEC. The OTU171 (Firmicutes_Ruminococcaceae) was ranked as fifth based on its importance in 
predicting FEC using random forest, but was not significantly correlated (r2 = 0.22, P = 0.10) with 
FEC. 
Taxonomic Composition  
Taxonomic assignment indicated that Firmicutes and Bacteroidetes were the dominant phyla in 
the rumen fluid. In this study, the members of the phylum Firmicutes were the predominant 
bacteria community represented in the rumen on the first day (65% and 67% of the total OTU 
sequences in MI and HE, respectively; Fig. 9 A), followed by Bacteroidetes (33% and 32%; 
respectively). The Actinobacteria group was found on the first day in both treatments but at a 
low percentage (1.2% and 1.4% for MI and HE, respectively). Other Bacteroidetes and 
Firmicutes phyla but with different genii were also found at lower percentages in both 
treatments. On d 51, which corresponded to the onset of parturation by ewes, we detected 
changes in the rumen bacteria community relative abundance (Fig. 9 B). The phyla percentages 
of Firmicutes were the most predominant bacteria in MI and HE with similar proportion (53% 
and 59%, respectively) followed by Bacteroidetes with (33% and 26%, respectively). Abundance 
of the Actinobacteria group increased in both MI and HE (13.3% and 15.3%, respectively; Fig. 9 
B). On d 115, which corresponded to 60 d post-lambing, Firmicutes were also in greatest 
abundance in MI and HE (59% and 64%, respectively; Fig. 9 C), and Bacteroidetes the second 
greatest in abundance in MI and HE (31% and 29%, respectively). Actinobacteria were the third 





This study was conducted to determine if there were differences between the rumen 
microbiome in ewes that grazed MI and HE. Rumen microbes play key roles in the destruction of 
plant lignocellulosic materials (Hess et al., 2011) and it is suspected that the microbiome might 
be affected by toxins produced by N. coenophialum in tall fescue. The level of toxins in MI and 
HE might also affect the microbiome community. 
Toxins found in tall fescue fluctuate throughout the grazing season (Rogers et al., 2011; 
Rottinghaus et al., 1991). This is similar to what was observed on the pastures used during this 
study. Although ergovaline concentrations increased throughout the study on both treatments, 
total ergot alkaloids were greater on March 12 than on February 18. This could be explained by 
the fact that the tall fescue was dormant when the study began and did not likely break dormancy 
until approximately mid-March. Animals would naturally select the plant parts with the greatest 
sugar concentrations, which likely also contained the greatest total ergot alkaloid concentrations. 
This would leave plants that were lower in total ergot alkaloids in the forage canopy until new 
spring growth dominated the pastures. At that point, ergot alkaloid concentrations would 
increase. This selectivity hypothesis is validated by an increase in both NDF and ADF on the 
March 12 sampling date. 
Data are limited pertaining to peri-parturient of ewes grazing toxic tall fescue. However, 
in a similar study conducted with goats, BW was not affected by grazing endophyte-infected tall 
fescue for more than five months (Junell et al., 2016). However, Browning, 2012 reported 
reduced of growth rate in goat from endophyte-infected tall fescue seed in diet compared of 
endophyte-free tall fescue. In the present study, there were no differences in BW change by ewes 




were sufficient to cause tall fescue toxicosis, and because of the small number of observational 
units (n = 7 and 8 for MI and HE, respectively) for measurements that are as variable as BW. 
Prolactin plays an important role for lactation and mammogenesis (Houdebine et al., 
1985). Prolactin was also discovered to be sensitive to tall fescue toxins and is often used as a 
measure of the degree of tall fescue toxicosis (Hill and Agee, 1994). In the current study, serum 
prolactin levels were not different between MI and HE, again indicating that although forage 
total ergot alkaloid concentrations were vastly different between the forages, that MI was 
sufficiently toxic to elicit tall fescue toxicosis. However, serum prolactin concentrations were 
within the normal range (Spoon and Hallford, 1989). 
Non-esterified fatty acid concentrations indicate the mobilization of body fat (Kronfeld, 
1982; Blauwiekel and Kincaid, 1986), and NEFA concentrations have a negative correlation with 
energy balance (Erfle et al., 1974). However, again, changes in NEFA, althought quite different 
numerically, were not different statistically between MI and HE. Therefore, because of the high 
degree of variability in each of these animal growth and physiological measurements across the 
different animals selected at random within MI and HE, these measurements were assessed 
within treatments, but were also correlated with microbiome diversity across treatments to 
determine whether these measurements are directly associated with toxin levels or are more 
directly related to growth or physiological measurements that are independent of toxin 
concentration. 
Rumen Microbial Alpha Diversities 
The rumen microbial community is highly related to change in the diet, which may 
suppress the effect of host (Purushe et al., 2010). Also, some types of feed with poisonous and 




detected through parameters of the alpha diversity of observed OTUs, Shannon, and Chao. Based 
on our results, there were no differences on d 1 and 51, however, HE had greater alpha 
diversities than MI on d 115. The reasons why there were no differences on d 1 and 51 could be 
that sheep were consuming a forage that contained lower levels of toxins and the rumen bacteria 
were able to detoxify them. However, by d 115, toxin concentrations increased in both 
treatments, but moreso in HE than in MI, resulting in impacts on alpha diversities and both 
richness and evenness. It should also be noted that the toxins may affect the microbiome 
indirectly by causing the animal to consume less forage (Humphry et al., 2002), which would 
alter the amount of substrate available for microbial growth. 
Beta Diversity (Bray-Curtis) 
Beta diversity is a term for the comparison of samples to each other and provides a 
measure of the distance or dissimilarity between each sample pair. The Bray-Curtis-based 
method that takes abundance into account was calculated and used for visualization of the data 
present in principal co-ordinate analysis (PCoA) in our study. As expected, samples did not 
cluster by treatment on d 1. At d 51, samples were somewhat clustered by treatments in that MI 
was different from one of the HE groups, but not the other group. Even though MI samples were 
dispersive, the samples from HE were clustered very well. Rumen microbiome dissimilarity 
between animals on the same diet has been detected (Brulc et al., 2009; Rius et al., 2012); in 
particular, after shifting rumen contents from two cattle on varied diets (Weimer et al., 2010). 
The results of change of microbiota on d 115 showed that the differential toxin concentrations in 
tall fescue could affect rumen bacterial community. 
Even though the random forest is not clearly designed for predicting feature selection, it 




et al., 2005). We used a supervised machine learning approach (random forest) to display the top 
predictors of the bacteria OTUs that affected parameters measured in the present study, such as 
the bacteria OTUs that differentiate MI and HE, bacteria OTUs that correlate with BW changes 
in ewes and bacteria OTUs that correlate with physiological activity. 
We observed changes in the abundance between all the top bacteria among MI and HE. 
The OTU376 (Bacterodetes_Prevotella) was represented in MI more than HE but was in low 
abundances in both treatments. The OTU266 (Actinobacteria Coriobacteriaceae_unclassified) 
was highest only in HE among all four bacteria that predicted the treatment, which might be due 
to competing with other OTUs such as Firmicutes (Kovatcheva-Datchary et al., 2015). The 
groups of Firmicutes were represented in OTU227 and OTU174 with two genii 
Pseudobutyrivibrio and Lachnospiraceae_unclassified, which were more abundance in HE. The 
microbial community abundance is changed in response to diet and disturbances in the 
community over time (Harmon et al., 2009). The groups of the Firmicutes and Bacterodetes 
were the predominant members in HE and MI treatment. The groups of domain bacteria 
Firmicutes to Bacterodetes were used to determine the microbiome structure (Pinloche et al., 
2013). They are known to degrade complex carbohydrates (Flint et al., 2012; Leitch et al., 2007). 
In the current study we observed a correlation between BW changes and rumen microbial 
diversity. Although there were correlations between bacteria OTUs and BW gain, these correlations 
did not reach the strongest levels among high abundance bacteria OTUs. Suprisingly, 
approximately 40% of variability in BW gain was explained by Bacterodetes_Prevotella as they 
were positively correlated. Similarly, BW gain was correlated positively with unclassified bacteria 
which might influence variability of BW changes. On the other hand, phylum Verrucomicrobia and 




Firmicutes_Ruminococcaceae_unclassified was ranked # 5 based on its importance in predicting 
BW gain in both treatments although it was in low abundance and was not significantly correlated 
with BW gain. Unclassified Ruminococcaceae may play significant roles in feed digestion (Kim et 
al., 2014; Mao et al., 2012). 
 As mentioned previously, circulating prolactin becomes reduced to negligible 
concentration during tall fescue toxicosis (Hill and Agee, 1994). However, at present, the 
literature is void of reports on correlations between PRL and microbiome diversity for animals 
consuming toxic tall fescue. In this study, we studied the correlation of PRL concentrations with 
microbiome measurements on different days of toxins. Day 51 the initiation of lambing, and two 
dominant bacteria Bacteroidetes and Actinobacteria were in a great abundance and identified as 
the top predictors of PRL. The Bacteroidetes are generally the common abundant phylum in the 
sheep rumen (Castro‐Carrera et al., 2014; De la Fuente et al., 2014; Kittelmann et al., 2015; 
Morgavi et al., 2015). However, these groups of bacteria increased on d 51 as PRL concentration 
decreased. Suprisingly, the group of Bacteroidetes still remains as a top predictor of PRL on d 
115, but with an unclassified Prevotellaceae genus. However, 60% of variability of PRL 
concentrations on d 115 were explained by Firmicutes with unclassified Lachnospiraceae, but 
there are other factors affecting serum concentration of PRL such as chemical compounds or 
changing toxin concentrations. The phyla of Firmicutes and Bacteroidetes are the main fiber 
degrading bacteria in the rumen, and their abundance has a great impact on the ability of the 
ruminant animal to digest fiber-based diets (Brulc et al., 2009). 
 Changes in NEFA concentrations were correlated both positively and negatively with 
bacteria OTUs in the rumen. These correlations were domainted with two phyla; Bacteroidetes 




Bacteroidetes_Prevotella. About 66% of the variability in the changes in NEFA were explained 
by the Bacteroidetes_Prevotella abundance while other infuences remain unknown. The groups 
of Firmicutes with unclassified genii were positively correlated with NEFA changes.  
Members of Bacteroidetes_Prevotella were shared in all bacteria OTUs correlated with 
BW changes, PRL and NEFA changes. To the authors knowledge, this was the first study to 
report a correlation between the BW gain, PRL, and changes NEFA with bacteria OTUs in the 
rumen of sheep consuming endophyte-infected tall fescue. 
In current study, we observed strong correlations between rumen bacteria and ewe 
parasite infestation as represented by fecal egg counts (FECs). At the beginning of the study, the 
bacteria that were the most correlated with FEC were Firmicutes and Bacteroidetes. The bacteria 
phyla Bacteroidetes and genii Bacteroidetes were more highly correlated with FEC than 
Firmicutes Ruminococcaceae, and explained about 39% of the variability in the FEC. On d 51, 
the bacteria most highly correlated with FEC were Firmicutes phyla with Lachnospiraceae and 
Mogibacterium genii, explaining approximately 70% and 51% of the variability in FEC, 
respectively. On d 115, Actinobacteria Coriobacteriaceae was highly correlated with FEC, 
explaining approximately 66% of the variability in FEC. Bacteroidetes Prevotellaceae was also 
highly correlated with FEC on d 115 of the study and explained approximately 63% of the 
variability in the FEC. As mentioned above, changes in bacteria during different periods may be 
due to changes in concentration of the toxins in HE and MI throughout the grazing season. 
Likewise, it might be involved of the compensation by the rumen bacteria metabolism. 
Taxonomic composition 
The differences in microbiome species between MI and HE were studied at the phylum 




rumen bacteria changed with time grazing MI and HE. At the beginning of this study, the 
abundance of Firmicutes was at a similar percentage in MI and HE. At d 51, abundance of 
Firmicutes_Ruminococcaceae increased whereas abundance of Firmicutes_Firmicutes decreased 
in both MI and HE. On d 115, abundance of Firmicutes_Ruminococcaceae was greater in HE 
compared with MI. 
Several studies have reported that Bacteroidetes and Firmicutes are the most dominant 
phyla in the gut microbiome of mammals (Singh et al., 2012; Qin et al., 2010; Ley et al., 2008). 
In our study, at the phyla level, Bacteroidetes and Firmicutes were predominant in the rumen 
community of both treatments, which is similar to data from other grazing studies (Jami et al., 
2013; Rey et al., 2014). Bacteroidetes and Firmicutes appeared to be influenced by endophyte-
infected tall fescue, with higher proportion in Firmicutes found on d 1 in all treatment group, and 
it was the dominant phyla on d 51 and d 115. 
In support of these results, Petri et al. (2013) reported that the abundances of the two 
predominant phyla were Bacteroidetes at 32.3% and Firmicutes at 43.2%, respectively. These 
domain bacteria are considered to play an essential role in the breakdown of plant 
polysaccharides (Flint et al., 2008). Other dominant phyla such as Actinobacteria occurred at 
lower concentrations in this study. Abundance of Actinobacteria on d 1 was low and similar 
between MI and HE, and increased more rapidly in HE than MI between d 1 and d 51. On d 115, 
its abundance decreased in both treatments and was greater in MI than HE. Others have reported 
that Actinobacteria represents 3% or more of the absolute rumen bacteria (Pandya et al., 2010; 
Šul'ák et al., 2012). At the genus level, Prevotellaceae is well-known as the most prominent 
genus in the rumen microbiome (Whitford et al., 1998; Stevenson and Weimer, 2007; Callaway 




oligosaccharolytic activities and inhabit the ecological functions of the front line degraders 
(Flint, 1997). Based on the current experiment, results suggest that toxins in endophyte-infected 
tall fescue may lead to a shift in the rumen microbiome over time. 
In conclusion, this is the first study on the bacteria diversity using alpha and beta 
estimators, taxonomic composition, and correlations between BW changes in ewes, prolactin 
concentrations, fecal egg counts, and changes in NEFA using the Illumina platform on rumen 
samples from peri-parturient ewes grazing toxic tall fescue. This study focused on changes in the 
bacterial communities that contribute important and sensitive members in moderate and high 
levels of toxins in endophyte-infected tall fescue. Under a taxonomic vision, Firmicutes and 
Bacteroidetes were the main phyla, which is similar to that reported for other small ruminants. A 
better understanding of the rumen bacterial diversity in small ruminants was found, but 
additional studies to evaluate the relationships between rumen bacteria and BW changes, 
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Table 1. Ewe lambing supplement and guaranteed analysis of the mineral supplement offered 
free-choice to all ewes grazing tall fescue pastures with different levels of endophyte 
infection 
 
 Ewe lambing supplement Mineral supplement  
Component % as fed Component Guaranteed analysis  
 Barley 37.92% Calcium (max) 18.0% 
 SBM 10.15% Calcium (min) 15.0% 
 Cracked corn 41.91% Phosphorus 8.0% 
 Molasses 7.10% Salt (max) 22.2% 
   Salt (min) 18.5% 
 CP 13.8%* Potassium 1.5% 
 TDN 82.2%* Magnesium 5.0% 
   Copper (max) 375 ppm 
   Copper (min) 275 ppm 
   Iodine 320 ppm 
   Manganese 2,000 ppm 
   Zinc 3,500 ppm 
   Vitamin A 63,500 IU/kg 
   Vitamin D3 15,875 IU/kg 
   Vitamin E 340 IU/kg 
 *Calculated from (NRC, 2007) 
 ppm = parts per million or mg/kg 





Table 2. Forage quality components and ergot alkaloid concentrations from moderate (MI) and 
high (HE) endophyte-infected tall fescue pastures grazed by peri-parturient ewes. 
 
Date Forage CP, % ADF, % NDF, % 
Ergovaline, 
μg/kg 
Total Ergot Alkaloids, 
μg/kg 
Feb-18 HE 10.0 24.0 40.5 55 2471 
 MI 11.6 21.7 36.1 10 586 
       
Mar-12 HE 11.6 34.5 57.3 60 717 
 MI 11.7 30.4 51.6 40 376 
       
Apr-12 HE 15.6 28.3 48.3 63 1128 
 MI 16.9 29.3 49.4 55 811 
       
May-12 HE 16.8 31.1 51.2 243 3130 





Table 3. Changes in BW, serum concentrations of non-esterified fatty acid (NEFA) prolactin 
(PRL), and fecal eggs count (FEC) from ewes grazing tall fescue pastures with high (HE) and 
moderate (MI) endophyte-infection from February through May. Lambing began on d 51. 
 
 HE MI SEMa Effectb 








n=4   
BW d 1 to 51 2.7 -2.5 0.6 -0.9 3.04 ns 
BW d 51 to 115 0.4 -1.4 -2.3 -1.1 0.75 ns 
BW d1 to d 115 3.1 -4 -1.7 -2.1 3.14 ns 
PRL, ng/mL       
PRL d 51 30.0 29.9 24.5 27.0 5.26 ns 
PRL d 115 53.6 37.7 63.8 24.9 11.10 N 
NEFA Changes, uEq/L       
NEFA d 51 to115 478 125 -122 -234 228 ns 
FEC, eggs/g       
FEC d 1 3162.3 1023.3 158.5 3162.3 0.30 t×n 
FEC d 51 794.3 501.2 398.1 11220.2 0.43 ns 
FEC d 115 501.2 501.2 50.1 1148.2 0.24 ns 
 
aSEM = Pooled standard error of the mean. 
bEffects: ns = no significant differences (P > 0.10); N = number of offspring effect (P < 0.10); t 
× n = a tendency for the treatment × number of offspring effect (P < 0.10). 





Table 4. The relationship between bacteria OTUs in the rumen and BW change, serum prolactin 
 (PRL) concentrations, and changes in non-esterified fatty acid (NEFA) concentrations from ewes 
grazing from February through May on tall fescue pastures with moderate (MI) or high (HE) 
endophyte-infection. 
 
Bacteria OTUs Intercept slope R2 P-value 
BW gain g/d     
Otu221_p_Bacteroidetes_g_Prevotella   -58.58 30956 0.43 0.002 
Otu345_p_Bacteria_unclassified_g_Bacteria_unclassified -43 28489 0.42 0.002 
Otu153_p_Verrucomicrobia_g_5_genus_incertae_sedis 7.82 -85635 0.30 0.013 
Otu480_p_Bacteroidetes_g_Bacteroidetes_unclassified -2.66 -18403 0.17 0.076 
Otu106_p_Firmicutes_g_Ruminococcaceae_unclassified -49.96 9326 0.10 0.171 
PRL d 51, ng/mL     
Otu374_p_Bacteroidetes_g_Prevotella 37.52 -8324 0.63 0.003 
Otu352_p_Actinobacteria_g_Coriobacteriaceae_unclassified 37 -29037 0.64 0.003 
Otu362_p_Bacteria_unclassified_g_Bacteria_unclassified 20.09 8687 0.43 0.027 
Otu452_p_Firmicutes_g_Clostridiales_unclassified 23.11 35318 0.25 0.116 
Otu034_p_Bacteroidetes_g_Prevotella 33.98 -607 0.57 0.006 
PRL d 115, ng/mL     
Otu158_p_Bacteroidetes_g_Prevotellaceae_unclassified 33.71 4189 0.23 0.108 
Otu476_p_Firmicutes_g_Lachnospiraceae_unclassified 65.72 -35192 0.60 0.002 
Otu429_p_Firmicutes_g_Firmicutes_unclassified 15.18 22291 0.27 0.078 
Otu345_p_Bacteria_unclassified_g_Bacteria_unclassified 21.35 31808 0.42 0.022 
Otu014_p_Actinobacteria_g_Olsenella 9.278 3612 0.31 0.056 
NEFA changes, uEq/L     
Otu499_p_Bacteroidetes_g_Prevotella 178.49 
-
1500698 0.66 0.002 
Otu320_p_Firmicutes_g_Clostridiales_unclassified -101.07 -230463 0.29 0.086 
Otu095_p_Firmicutes_g_Clostridiales_unclassified -69.06 155833 0.52 0.011 
Otu474_p_Firmicutes_g_Firmicutes_unclassified -14.35 177031 0.64 0.003 





Table 5. The relationship between bacteria OTUs in the rumen and fecal egg count (FEC) from 
ewes grazing from February to May on tall fescue pastures with moderate (MI) or high (HE) 
endophyte-infection. 
Bacteria OTUs Intercept slope R2 P-value 
FEC d 1     
Otu254_p_Firmicutes_g_Ruminococcaceae_unclassified  1.15 676      0.31 0.04 
Otu453_p_Bacteroidetes_g_Bacteroidetes_unclassified 3.32 -916 0.39 0.02 
Otu090_p_Bacteroidetes_g_Bacteroidetes_unclassified 4.11 -296 0.32 0.04 
Otu078_p_Firmicutes_g_Succiniclasticum_unclassified 1.23 351 0.36 0.02 
Otu475_p_Bacteroidetes_g_Prevotella_unclassified 2.76 -714 0.13 0.21 
FEC d 51     
Otu170_p_Firmicutes_g_Clostridiales_unclassified 1.31 227 0.25 0.14 
Otu264_p_Firmicutes_g_Lachnospiraceae_unclassified 3.70 -781 0.70 0.002 
Otu361_p_Firmicutes_g_Veillonellaceae_unclassified 1.55 548.85 0.25 0.14 
Otu178_p_Firmicutes_g_Mogibacterium_unclassified 3.52 -452.63 0.51 0.02 
Otu480_p_Bacteroidetes_g_Bacteroidetes_unclassified 1.77 764.81 0.08 0.43 
FEC d 115     
Otu159_p_Bacteroidetes_g_Prevotellaceae_unclassified -0.12 1157 0.63 0.00 
Otu335_p_Actinobacteria_g_Coriobacteriaceae_unclassified -0.85 2531 0.66 0.0008 
Otu466_p_Bacteroidetes_g_Prevotellaceae_unclassified -0.04 1060 0.20 0.12 
Otu310_p_Actinobacteria_g_Coriobacteriaceae_unclassified 0.01 1502 0.28 0.06 






Figure 1. Rarefaction curve of different treatment groups. The rarefaction curve of OTUs 







Figure 2. Alpha diversity plots. A: observed OTUs variations between moderate (MI) and 
high (HE) endophyte infected tall fescue along with changes time in d 1, d 51, and d 115. B: 
Shannon diversity variation between Moderate (MI) and high (HE), tall fescue toxicity along 
with changes time in d 1, d 51, and d 115. C: Chao richness between Moderate (MI) and high 






Figure 3. Principal component analysis (PCA) of Bray-Curtis dissimilarities of rumen bacteria 
diversity of three dates of groups grazing high (HE) and moderate (MI) endophyte-infected tall 






Figure 4. Bacteria OTUs determined using random forest. (A) shows the top 20 features that 
differentiate between high (HE) and moderate (MI) infected tall fescue. (B) shows relative 
abundance of first four OTUs bacteria from the top bacterial differentiation in peri-parturient 





Figure 5. Bacteria OTUs that correlated with BW gain in peri-parturient ewes grazing endophyte-







Figure 6. Bacteria OTUs that correlated with prolactin (PRL) concentrations on d 51 (A) or d 115 






Figure 7. Bacteria OTUs that correlated with changes in non-esterified fatty acids (NEFA) in 













Figure 9. Relative abundance of rumen bacteria (phyla and genus) from ewes consuming 







Effect of low and high endophyte-infected tall fescue toxicity on the sheep fecal microbiota  
Abstract 
Tall fescue (Schedonorus arundinaceus) is a cool-season perennial grass that is used widely as a 
forage for many livestock species including sheep. An endophyte (Neotyphodium coenophialum) 
in tall fescue produces ergot alkaloids that enhance plant survival but cause toxicity in animals. 
The objective of this study was to determine differences in the fecal microbiome from peri-
parturient ewes grazing tall fescue pastures with high (HE) or moderate (MI) levels of endophyte 
infection. Fecal samples were taken directly from the rectum from ewes and stored at -20°C before 
subjected to DNA extraction and Illumina sequencing (MiSeq 2 x 250 V2). The HE groups had 
greater observed OTUs (P = 0.01) , Shannon (P = 0.08) and Chao (P = 0.001) on d 51 than MI. 
The ANOSIM on beta diversities among groups HE and MI did not differ during the study (P ≥ 
0.29). Their significance scores ranked features with mean decrease accuracy MDA > 3 are 
considered highly predictive in this study. We found the members of 
Actinobacteria_Coriobacteriaceae_unclassified shared in bacteria OTUs that were correlated with 
BW changes, prolactin concentrations, non-esterified fatty acid changes, and fecal egg count. At 
the end of the study, there was decreased abundance of the fecal bacteria from the dominant group 
Bacteroidetes in MI and HE (52.9 % and 49.3 %, respectively). Further studies are needed to 
include endophyte-free forages to refine the impact of endophyte toxins on microbiome 
communities in grazing livestock, and verify effects of peri-parturient stage. 






Tall fescue [Schedonorus arundinaceus (Schreb.) Dumort] is an abundant cool-season 
perennial grass that is used widely as a forage for livestock (Paterson et al., 1995). It occupies 
from 14 to 15 million ha in the United States (Bacon and Siegel, 1988; Paterson et al., 1995). 
More than 90% of the tall fescue pastures are infected with the endophytic fungus, 
Neotyphodium coenophialum (Ball et al., 2003) that enhances the ability of the tall fescue plant 
to survive and to tolerate extreme weather conditions (Bouton et al., 1993; Hoveland et al., 1983; 
Browning, 2003), but produces ergot alkaloids that are detrimental to livestock (Hill et al., 2001; 
Rogers et al., 2011). Ergot alkaloids are among the most famous and fascinating mycotoxins 
arising from fungal metabolism; they are characterized as indole alkaloids and derived from a 
tetracyclic ergoline ring (Bennet and Klich, 2003). 
Ruminants tend to be less susceptible to mycotoxins since the rumen microbiota and diet 
particles that are contained in the rumen compartment could be effective in deactivation, 
degradation, and binding of the toxic molecules, thus protecting animals from adverse effects 
(Ditsch and Aiken, 2009). The harmful effect of endophyte-infected tall fescue on animal growth 
and performance has been widely described in the past (Bacon et al., 1986; Hill et al., 2001; 
Rogers et al., 2011). However, how fecal microbiome population abundance and diversity are 
affected by endophyte-infected tall fescue has not been reported previously. It would be valuable 
to the farmers if the abundance of specific microbiome might ameliorate the harmful effect of 
infected tall fescue on animals performance. Therefore, this study was conducted to investigate 
the influence of grazing pastures with varying levels of ergot alkaloids on the fecal microbiome 
of sheep to possibly identify mechanisms by which the effects on animal performance could be 




Materials and Methods 
This study was conducted from early February to late May 2016 at the USDA, ARS Dale 
Bumpers Small Farms Research Center (DBSFRC), Booneville, AR, USA (35°05’ N, 93°59’ W, 
152 m a.s.l.). All experimental procedures and husbandry practices in this experiment were 
reviewed and approved by the University of Arkansas Institutional Animal Care and Use 
Committee (Protocol # 16046). 
Animal Management 
Animal procedures are basically the same as those reported in chapter IV. Fifty Katahdin 
ewes (ages 2 to 9 years) confirmed as pregnant via ultrasound were selected from the DBSFRC 
flock, then stratified by body weight within age and number of fetuses and were allocated 
randomly into three groups. Groups 1 and 3 (n = 15 each) were allocated to tall fescue pastures 
with a high level of endophyte infection (HE; 90% infected), and group 2 (n = 20) was allocated 
to a tall fescue pasture with moderate endophyte infection (MI; 58% infection). Within each of 
these larger groups, ewes were selected at random for fecal sampling. This resulted in 5 ewes 
selected from group 1 (HE) and 3 ewes from group 3 (HE) with average initial body weight 
(BW) of 51.6 ± 2.64 kg and an initial average body condition score (BCS; 1 = emaciated, 5 = 
obese) of 2.8 ± 0.18. Seven ewes were selected randomly from group 2 (MI) with average BW of 
40.6 ± 2.82 kg, and an initial BCS of 2.7 ± 0.19. All ewes had access to water and free choice 
trace mineralized salt (Table 1). 
Blood samples were taken from the jugular vein of each ewe immediately before the 
beginning of the study (d 1), the week before initiation of lambing (d 51), and at the end of the 
trial, which also corresponded to ~60 d post-lambing (d 115). Blood was collected into serum 
separator vacuum tubes (BD #367988 Vacutainer®, Becton Dickinson, Inc., Franklin Lakes, NJ, 




The samples were then centrifuged (3000 × g for 20 min) and transferred to plastic tubes and 
stored frozen (-20°C) for subsequent analyses. 
Fecal samples (~10 g) were taken directly from the rectum from all sheep 1) at the start of 
the study (d 1), 2) four weeks after lambing (d 51), and 3) at the end of the trial (d 115) using 
sterile plastic bags and sterile lubricant. The fecal samples from each ewe were kept separately in 
50 mL centrifuge tubes and cooled in dry ice for transport to the University of Arkansas, and 
stored at -20ºC until DNA extraction.  
Tall fescue grass samples were collected monthly from each plot throughout the study. 
Samples of tall fescue (n = 20/pasture) were harvested by walking in a zigzag pattern through 
each pasture and hand-clipping random samples to a 2.5 cm stubble height. The samples were 
placed in zip-lock plastic bags, stored on ice immediately, and then placed into a conventional 
freezer for at least of 2 h. The grass samples were transported to University of Arkansas Animal 
Science Department, stored in an ultra-low freezer (-80°C), until lyophilized. Dried forage 
samples were ground to pass through 1-mm screen using a Thomas-Wiley laboratory mill model 
4 (Arthur Thomas Co. Philadelphia, PA) and stored in an ultra-low freezer except during 
analyses. 
Tillers for testing for the presence of endophyte fungus were collected on February 18th 
by walking a zigzag pattern in the pastures, and collecting tall fescue tiller samples at random 
(50 per pasture). Stems were cut with a sharp knife to a height of 12.5 cm above of the soil 
surface. Tissue that contained the leaves was discarded; the tillers were rolled into moist paper 
towels to prevent drying, and then placed in plastic zip lock bags and stored in a refrigerator 






Sequential analyses for forage neutral detergent fiber (NDF) and acid detergent fiber 
(ADF) were performed using the filter bag procedures described by Vogel et al. (1999) using an 
Ankom 200 Fiber Analyzer (ANKOM Technology Corporation, Fairport, NY). Nitrogen 
concentrations were determined via Dumas total combustion method (Elmentar Americas, Mt. 
Laurel, NJ; Method 990.03; AOAC, 1998). Crude protein (CP) was calculated by multiplying the 
total N concentration by 6.25. 
Tall fescue samples were analyzed for total ergot alkaloids using Agrinostics Photo 
screen Ergot Alkaloids kit (Agrinostics Ltd. Co., Watkinsville, GA; Adcock et al., 1997). Forage 
ergovaline concentrations were also determined using the HPLC procedure of Rottinghaus et al., 
(1991). Pasture endophyte infection rates were analyzed using immunoblot test kits (Agrinostics 
Ltd. Co., Watkinsville, GA). 
 Serum samples were analyzed for non-esterified fatty acid (NEFA) concentrations using 
an in vitro enzymatic colorimetric kit (NEFA-HR (2); Wako Chemicals, Inc., Richmond, VA, 
USA). Serum prolactin concentrations were determined at the University of Tenessee using their 
standard lab protocol following the procedures of Bernard et al. (1993) with inter- and intra-
assay CV of 4.24 and 5.69%, respectively. 
Fecal samples were taken directly from the rectum of each ewes and stored separately in plastic 
bags in a refrigerator until processed. Fecal egg counts (FEC) were determined by the modified 
McMaster technique (Whitlock, 1948). Two grams of feces were weighed and diluted in a 
saturated NaCl solution. Then the solution was sieved, pipetted, and placed in both chambers of 




microscope (Standard 20, Fisher Scientific, Raleigh, NC) at 100 × power. The result was 
multiplied by 50 to get the quantity of eggs per gram of feces. 
Microbial Methods and Analysis 
DNA Extraction and 16S rDNA Amplification 
The total bacterial DNA was extracted from each sample using the PowerSoilTM DNA 
Isolation Kit (MO BIO Laboratories, Inc. Carlsbad, CA). The DNA purification and 
pyrosequencing were conducted (Li et al., 2015) to determine differences in the rumen 
microbiome from ewes that grazed tall fescue with moderate and high levels of endophyte 
infection. Using the provided PowerBead Tubes, 100 mg of fecal material were placed in glass 
bead tubes (PowerLyzer) with 750 µL of bead solution. Briefly, 60 µL of the solution C1 was 
added to each sample, which was then gently mixed to disperse the sample in the bead solution 
then mixed at maximum speed for additional 10 min. The samples were mixed using a 
beadbeater vortex at 4000 rpm for 2 min. The samples were incubated and heated for 10 min at 
65°C and centrifuged at 10,000 × g for 30 s, and 400 to 500 µL of the supernatant was 
transferred to clean 2 mL collection tubes. Two hundred fifty µL of the solution C2 was added to 
each sample and vortexed for 5 s. Tubes were then incubated at 4˚C for 5 min and then 
centrifuged for 1 minute at 10,000 × g at room temperature. Up to 600 µL of the supernatant was 
transferred to clean 2 mL collection tubes. Two hundred µL of solution C3 was then added to 
each sample in the tubes, briefly vortexed, and then incubated at 4˚C for 5 min. The samples 
were then centrifuged for 1 min at 10,000 × g at room temperature. Approximately 750 µL of the 
supernatant were transferred into clean 2 mL collection tubes then 1200 µL of solution C4 was 
added to each tube. The tubes were gently vortexed for 5 s. About 675 µL of the samples were 




flow-through after filtrate was discarded, and 675 µL of supernatant was transferred to the spin 
filter then centrifuged for 1 min at 10,000 × g at the room temperature. After discarding the flow-
through, the remaining supernatant was transferred into the spin filter, then centrifuged at 10,000 
× g for 1 min at the room temperature. Five hundred µL of solution C5 was added to the tubes to 
wash the pellets, and then centrifuged for 30 s at 10,000 × g at the room temperature. The flow-
through was discarded and centrifuged again at room temperature for another 1 min at 10,000 × 
g in this step; the spin filters were carefully transferred into clean 2 mL collection tubes. The 
purified DNA was then eluted with 50 µL of solution C6 to the center of the white filter 
membrane then centrifuged at room temperature for 30 s at 10,000 × g and stored at -20˚C until 
ready to use. 
DNA Quality and Quantity 
The DNA concentration extracted (absorbance at 260 nm) and the DNA purity 
(absorbance ratio 260/230 and 260/280) were measured spectrophotometrically by using 
NanoDrop (Thermo Fisher Scientific, Waltham, MA, USA). The ratio from A260 nm / A230 nm and 
A260 nm / A280 nm were used to indicate the possible DNA contamination with organic compounds 
and buffer salts. The quantity and integrity were assessed using agarose (1.0% wt/vol) gel 
electrophoresis (30 min, 10 × 15 cm Mini-Sub® Cell GT, Bio-Red, Hercules, CA, USA) at 100V 
alongside a DNA Ladder 1 Kb and post-staining with SYBR® Safe DNA gel stain using visible 
illumination under UV light. The PCR amplification was performed by using a T100 thermal 
cycler (Bio-Rad, Hercules, CA, USA). All 16S PCR conditions were followed by 30 s initial 
denaturation at 95˚C; 30 cycles at 95˚C for 10 s annealing at 55˚C for 30 s, at 72˚C for 1 min, at 
a 72˚C final extension for 10 min. The final PCR products were examined by using 1.0% agarose 




Next-generation sequencing and data analysis  
Next-generation sequencing were performed on Illumina MiSeq sequencer located in the 
Biomass lab. The V4 hypervariable region of 16S rDNA gene were amplified and sequenced on 
an Illumina MiSeq 2 × 250 platform. 
A 10 ng of DNA aliquot isolated from each ruemn samples was utilized to construct a 
sequencing library targeting the V4 region of 16S rRNA following a previous report (Kozich et 
al., 2013). Each DNA samples were amplified with dual-index primers by PCR and amplicons 
were normalized using a SequalPrepTM Normalization kit (Life Technology) according to the 
manufacturer’s recommendation. The PCR amplicons from each samples were possessed 
specific barcode sequence to discriminate between each other in the pooled. A five microliter 
aliquot of each normalized sample were combined to generate 1 pooled library for further assays. 
The concentration of both library and the exact product size were measured by KAPA Library 
Quantification Kit (Kapa Biosystem, Woburn, MA, USA) via a quantitative PCR (qPCR, 
Eppendrof, Westbury, NY, USA) assay and an Agilent 2100 Bioanalyser System (Agilent, Santa 
Clara, CA, USA). Based on the qPCR and Bioanalyser results, the pooled library was diluted to 4 
nM prior to sequencing. 
A pooled library (20 nM) and PhiX control v3 (20 nM) (Illumina) were mixed with 0.2 N 
fresh NaOH and HT1 buffer (Illumina) to produce the final concentration at 12 pM each. The 
resulting library was also mixed with PhiX control v3 (5%,v/v) (Illumina) and 600 uL loaded on 
a MiSeq1 v2 (500 cycle) Reagent cartidge for sequencing. 
The mothur v.1.39 software package was used to process raw sequences (Schloss et al., 
2009) following the standard procedures of MiSeq (Kozich et al., 2013). Low-quality sequence 




500 bp or longer. The sequences were aligned with the SILVA database which contained the 
full-length sequence taxonomy references (https://www.mothur.org/wiki/Silva_reference_files 
#Release_128). The chimeric sequences were removed using the UCHIME (Edgar et al., 2011). 
Also, the singletons were removed to decrease the size of the distance matrix. High-quality 
sequences were clustered into operational taxonomic units (OTUs) having a similarity of 97% 
cutoff and classified by using the RDP Classifier. This classifier is a naïve Bayesian algorithm 
that used to classify sequences (Wang et al., 2007). After normalization to the smallest number 
of reads (6946), alpha and beta diversity were estimated. Alpha diversity included OTUs 
observed, Shannon (Shannon and Weaver, 1949), and Chao (Chao and Lee, 1992). The Bray-
Curtis (Bray and Curtis, 1957) and Jaccard distance metrices were measured to evaluate the 
dissimilarities in community structure and membership between samples, respectively. Principal 
Coordinates Analysis (PCoA) was utilized to visualize these distances. Random forest (Breiman, 
2001) has been commonly used to analyze microbiome diversity data (Planer et al., 2016; 
Yatsunenko et al., 2012) because it can deal with the high-dimensional microbial data which has 
more variables (e.g. OTUs) than samples, and also, interactions between OTUs. The random 
forest can also estimate the significance of features or variables for classification through 
calculating how much prediction error increases when variable data is permuted. The variable 
plot was generated by ranking the variable using its importance scores (MDA, mean decrease 
accuracy), through the top variable or features being the most considered predictive. All top 
features were considered with a MDA>3 to be most important in this study. The supervised 
random forest was completed by using the package ‘randomForest’ v.4.6.-7 in R with 10,000 
trees. The Mtry is the square root of the number of variables, and it was used as the default 





Forage and Animal Measurements 
Ergovaline concentrations were lowest in both treatments at the beginning of the study 
and increased gradually, resulting in the greatest concentrations at the end of the study in both 
HE and MI (Table 2). Ergovaline concentrations were 5.5, 1.5, 1.1 and 2.3 times greater from 
HE compared with MI on the February (18), March (12), April (12), and May (12) sampling 
dates respectively, but these concentrations were low (< 100 μg/kg) from both treatments on the 
first 3 sampling dates. Total ergot alkaloids followed a somewhat similar pattern to ergovaline 
concentrations, except that the lowest total ergot alkaloid concentrations occurred on the March 
(12) sampling date. 
Performance and serum measurements from the ewes used in the current study are 
presented in Table 3. The BW changes during this study, serum PRL concentrations on d 51 
(initiation of lambing), and changes in serum NEFA from d 51 to 115 were not different (P > 
0.10) between ewes having singles and those having twins or between HE and MI. However, on 
d 115 (~60 d post-lambing), PRL concentrations tended to be greater (P = 0.09) between S and 
T, but not between HE and MI (P = 0.93). Fecal eggs counts at the beginning of the study were 
affected by a tendency (P = 0.050) for the treatment × number of offspring interaction, but no 
differences between treatments or number of offspring reared were detected (P ≥ 0.10) for FEC 
on d 51 or d 115. 
Qualitative Analysis 
The number of sequences detected across all ewes averaged from 6964 to 24947 from the 
HE and MI groups, respectively. The range in number of sequences for each animal within 




range of similarities between partial 16S rDNA sequences and the databases using a 97% 
similarity. 
Rarefaction curves (Fig. 1) were calculated using the number of observed OTUs as a 
function of number of sequences sampled for assessing whether sampling effort provided 
sufficient OTUs coverage to describe the total bacterial composition of each group accurately. 
The rarefaction curves showed that the sequencing effort could cover the majority of OTUs 
within the feces. The greatest number of rarefaction curves per sample reached the saturation 
plateau, indicating that the samples had adequate sequence coverage to accurately describe the 
fecal community of each group. 
Treatment Shapes on Fecal Microbial Alpha Diversities 
One objective of this study was to investigate the various microbial diversities in ewe 
fecal samples between two treatment groups within different periods. On days 51 and 115, the 
alpha-diversities were compared between each period and peri-parturient stage. On d 1, there 
were no differences in fecal sample observed OTUs between HE and MI (P = 0.40; Fig. 2 A). 
but, observed OTUs were greater (P = 0.01) from HE than MI on d 51. Conversely, observed 
OTUs tended (P = 0.06) to be greater from MI than from HE on d 115. Similarly, there were no 
differences in Shannon between HE and MI on d 1 and d 115 (P = 0.98, P = 0.52, respectively; 
Fig. 2 B) but HE were tended (P = 0.08) to be greater than MI on d 51. Fecal diversities as 
measured by Chao indexes, showed the same pattern as Shannon in that there were no 
differences between HE and MI on d 1 (P = 0.73) or d 115 (P = 0.47), but Chao indexes were 





Beta Diversity (Bray-Curtis) 
Beta diversity is a term for the comparison of samples to each other and provides a 
measure of the distance or dissimilarity between each sample pair. The Bray-Curtis based 
method that takes abundance into account was calculated and used for visualization of the data 
present in principal co-ordinate analysis (PCoA) in our study. Using ANOSIM testing of the 
samples groups, the compositions of the bacteria diversity were not different between HE and MI 
on d 1 (P = 0.29, R = 0.04; Fig. 3 A), d 51 (P = 0.72, R= -0.08, Fig. 3 B) or d 115 (P = 0.68, R = 
-0.06, Fig. 3 C. 
Bacteria OTUs that differentiate HE vs. MI tall fescue forage in the fecal 
We identified bacteria species that differentiate between HE and MI in fecal bacteria 
using the random forest. The top 20 predictors are listed based on their ability to differentiate 
between HE and MI tall fescue. Four among the top 20 bacteria that differentiate HE and MI 
were listed as the most sensitive in distinguishing between the forages. The OTU337 
(Firmicutes_Ruminococcaceae_unclassified) and OTU448 (Firmicutes_Ruminococcus) were 
greatest in importance in differentiating between HE and MI (Fig. 4 A), and their relative 
abundance was greater (P = 0.007) and tended to be (P = 0.05) greater, respectively in HE than 
in MI (Fig. 4 B). The third most important bacteria in differentiating between treatments was 
OTU291 (Bacteroidetes_Bacteroidetes_unclassified), but its relative abundance was not 
different (P = 0.93) between HE and MI. The OTU357 (Firmicutes_Clostridiales_unclassified) 
ranked as fourth based on its sensitivity to differentiate between treatments, and its relative 





Fecal Bacteria OTUs that Correlate with peri-parturient BW gain, Physiological and Fecal 
Eggs Count Measurements 
 The observed top 30 bacteria using random forest were used as predictors across 
treatments based on their correlation with  BW change. A linear regression analysis was 
performed to determine the relationship between fecal bacteria OTUs and BW change (Table 4). 
We selected the first five bacteria OTUs that had a strong relationship with BW gain based on 
random forest analysis (Fig. 5). The OTU274 (Bacteroidetes_Bacteroidales_unclassified) was 
correlated negatively with BW gain (r2 = 0.43; P = 0.02) and OTU102 (Bacteria_unclassified) 
tended to be correlated negatively with BW gain (r2 = 0.30, P = 0.06). The OTU185 
(Actinobacteria_Coriobacteriaceae_unclassified), OTU380 (Bacteroidetes_unclassified), and 
OTU318 (Actinobacteria_Coriobacteriaceae_unclassified) were not correlated (P ≥ 0.10) with 
BW changes. 
Correlations of PRL with fecal bacteria OTUs are presented in Fig. 6 A (d 51) and B (d 
115) and a linear regression analysis was performed to determine the relationship between fecal 
bacteria OTUs and PRL concentrations (Table 4). We again selected the first five bacteria OTUs 
based on their high abundance and importance in predicting PRL using the random forest. On d 
51, OTU327 (Firmicutes_Clostridiales_unclassified), Otu352 
(Actinobacteria_Coriobacteriaceae_unclassified), Otu331 
(Actinobacteria_Coriobacteriaceae_unclassified), and Otu387 
(Firmicutes_Clostridiales_unclassified) were each correlated negatively (r2 ≥ 0.24, P ≤ 0.03) with 
PRL. Conversely, the OTU5 (Bacteroidetes_Bacteroidetes_unclassified) were positively 
correlated with PRL (r2 = 0.61, P = 0.0002).. On d 115, OTU424 (Firmicutes_Clostridium_IV) 




P = 0.03). The OTU111 (Actinobacteria_Coriobacteriaceae_unclassified) and OTU254 
(Firmicutes_Ruminococcaceae_unclassified) were correlated positively with PRL (r2  ≥ 0.29, P ≤ 
0.03). The OTU287 (Firmicutes_Ruminococcaceae_unclassified) and OTU227 
Firmicutesg_Pseudobutyrivibrio were not correlated (P ≥ 0.12) with PRL. 
Changes in serum NEFA concentrations between d 51 and d 115 were calculated, and the 
correlation between these changes and bacteria OTUs were determined following similar 
procedures for the PRL analyses (Fig. 7). Correlations were assessed between the top 5 OTUs and 
change in NEFA concentrations. The OTU422 (Firmicutes_Flavonifractor), OTU55 
(Bacteroidetes_Prevotella) and OTU138 (Actinobacteria_Coriobacteriaceae_unclassified) were 
correlated negatively (r2 ≥ 0.33, P ≤ 0.03). Conversely, OTU85 (Firmicutes_Turicibacter) was 
correlated positively with NEFA changes (r2 ≤ 0.58, P = 0.001). The OTU57 
(Bacteroidetes_Bacteroidetes_unclassified) was not correlated P = 0.11) with serum NEFA 
changes. The members of Actinobacteria_Coriobacteriaceae_unclassified was shared in all 
bacteria OTUs that were correlated with BW changes , PRL and NEFA changes. 
Correlation of fecal eggs count (FEC) with fecal bacteria OTUs are presented in Fig. 8 A (d 
1), B (d 51), and C (d 115). A linear regression analysis was performed to determine the 
relationship between fecal bacteria OTUs  and FEC (Table 5). We again selected the first five 
bacteria OTUs based on their high abundance and importance in predicting FEC using random 
forest. On d 1, the OTU276 (Bacteroidetes_Paludibacter), OTU128 
(Bacteria_unclassified_Bacteria), and OTU132 (Firmicutes_Clostridiales) were negatively 
correlated (r2 ≥ 0.35, P ≤ 0.03) with FEC. Conversely, The OTU037 (Bacteroidetes_Bacteroidetes) 




On d 51, the OTU049 (Bacteroidetes_Prevotella), OTU148 (Bacteroidetes_Prevotella), 
OTU045 (Firmicutes_Clostridium), OTU036 (Firmicutes_Succiniclasticum), and OTU091 
(Bacteroidetes_Prevotella) were negatively correlated (r2 ≥ 0.45, P ≤ 0.007) with FEC.  
Likewise on d 115, OTU146 (Firmicutes_Firmicutes), OTU309 
(Bacteroidetes_Prevotellaceae), and OTU352 (Actinobacteria_Coriobacteriaceae) were 
negatively correlated (r2 ≥ 0.37, P ≤ 0.05) with FEC. The OTU175 (Firmicutes_Veillonellaceae) 
and OTU096 (Firmicutes_Lachnospiraceae) were ranked as the second and the third in predicting 
FEC using random forest, but were not were not significantly correlated (P ≥ 0.25) with FEC.  
Taxonomic Composition 
In this study, Firmicutes and Bacteroidetes were the predominant bacteria communities 
represented in the feces, along with a low proportion of Actinobacteria. On d 1, within 
Firmicutes with Ruminococcaceae were in slightly greater proportion in HE (15.4%) than in MI 
(14.9%). The remainder of genii belonging to Firmicutes such as Firmicutes, Mogibacterium, 
Acidaminococcaceae, Clostridiales, Lachnospiraceae were detected in a low proportion (≤ 5%) 
in MI and HE. Within Bacteroidetes, the Prevotellaceae genus represented the greatest % of the 
total OTUs sequences at 18.6% in MI and 20.8% in HE. Similarly, Bacteroidetes with genus 
Bacteroidetes were detected at 19 and 20% in MI and HE. Bacteroidetes Alistipes represented 
13.6% in MI and 9.4% in HE. Other genii related to the phyla of Bacteroidetes including 
Bacteroidales, Bacteroides, and Prevotella, were represented in lower percentages (≤ 10%; Fig. 
9). 
On d 51, all phyla and genii belonging to Firmicutes Ruminococcaceae were increased 
more in HE (44.1%) than MI (23.5%). Most other members of Firmicutes increased in 




Bacteroidetes remained fairly stable in MI and HE whereas Bacteroidetes Prevotellaceae 
decreased by 28% and 39% in MI and HE, respectively. Bacteroidetes Bacteroidales increased 
by 74 and 34% in MI and HE, respectively. Other genii such as Alistipes, Bacteroides, Prevotella 
changed between d 1 and 51, but their concentrations still represented lower percentages of total 
OTUs (Fig. 9). On d 115, all phyla and genus belonging to Firmicutes with Ruminococcaceae 
were greater in HE (24.5%) than MI (18.8%). Other members of Firmicutes remained in a low 
proportion (≤ 10%). All of the genii related to the phyla of Bacteroidetes remained fairly 
equivalent between MI and HE. However, the overall proportion of Bacteroidetes Prevotellaceae 
decreased by 38 and 53% between d1 and d51 in MI and HE, respectively. Actinobacteria with 
genus Olsenella were detected in similar and small proportions on d 1 and 115, with a substantial 
decline in concentrations on d 51. 
Discussion 
There is an increasing interest in microbiome communities that reside in the 
gastrointestinal tracts of both human and animals because the microbiome plays significant roles 
in the health and nutrition of their host (Hespell et al., 1997). However, this community is highly 
related to change in the diet, which may suppress the effect of the host (Purushe et al., 2010). In 
particular, the fecal bacteria in cattle influence human food safety and animal health (Shanks et 
al., 2006). Some types of feed with poisonous and harmful substances can affect fecal 
microbiota. In the current study, the concentrations of ergot alkaloids in treatments MI and HE 
appeared to affect the microbiome community, even though ergot alkaloid concentrations varied 
substantially throughout the study:  these seasonal changes in tall fescue toxins are typical 
(Rottinghaus et al., 1991; Rogers et al., 2011). 
Studies are limited on changes in BW in peri-parturient of ewes grazing toxic tall fescue 




grazing endophyte-infected tall fescue for more than five months (Junell et al., 2016). 
Furthermore, Browning (2012) reported reduced of growth rate in goats offered diets with 
endophyte-infected tall fescue seed compared with endophyte-free tall fescue seed. In the present 
study, there were no differences in BW change by ewes grazing MI or HE. This lack of a 
treatment difference is likely because the toxin levels in MI were sufficient to cause tall fescue 
toxicosis, and because of the small number of observational units (n = 7 and 8 for MI and HE, 
respectively) for measurements that are as variable as animal gain. 
Prolactin plays an essential role for lactation and mammogenesis (Houdebine et al., 
1985). Prolactin has been shown to be a good indicator of the degree of tall fescue toxicosis (Hill 
and Agee, 1994). In the current study, serum prolactin levels were not different between MI and 
HE, again indicating that although forage total ergot alkaloid concentrations were vastly different 
between the forages, that MI was sufficiently toxic to elicit tall fescue toxicosis. However, the 
values in the current study are relatively low based on other studies (Burke et al., 2002; 2006). 
Non-esterified fatty acid concentrations indicate the mobilization of body fat (Kronfeld, 
1982; Blauwiekel and Kincaid, 1986), and NEFA concentrations have a negative correlation with 
energy balance (Erfle et al., 1974). However, again, changes in NEFA, although quite different 
numerically, were not different statistically between MI and HE. Therefore, because of the high 
degree of variability in each of these animal growth and physiological measurements across the 
different animals selected at random within MI and HE, these measurements were correlated 
with microbiome diversity across treatments to determine whether these measurements were 
directly associated with toxin levels or were more directly related to growth or physiological 





Fecal Microbial Alpha Diversities 
In our research, the influence of toxins on fecal microbiome was detected through 
parameters of the alpha diversity of observed OTUs, Shannon, and Chao. Based on our results, 
there were no differences on d 1 and 51. However, MI had greater alpha diversities than HE on d 
115. The reasons why there were no differences on d 1 and 51 could be that sheep were 
consuming a forage that contained lower levels of toxins and the ruminal (or) fecal bacteria were 
able to detoxify them. However, by d 115, toxin concentrations increased in both treatments, but 
more in HE than in MI resulting in impacts on alpha diversities and both richness and evenness. 
It should also be noted that the toxins may affect the microbiome indirectly by causing the 
animal to consume less forage (Humphry et al., 2002), which would alter the amount of substrate 
available for microbial growth, even in the large intestine. 
Beta Diversity (Bray-Curtis) 
Beta diversity is a term for the comparison of samples to each other and provides a 
measure of the distance or dissimilarity between each sample pair. The Bray-Curtis-based 
method that takes abundance into account was calculated and used for visualization of the data 
present in principal component analysis (PCA) in our study. The results showed that samples did 
not cluster between HE and MI. One possible explanation for the failure to clustered could be 
because of alterations of some of the ergot alkaloids by the ruminal microbiome (Moyer et al., 
1993) or absorption of ergot alkaloids or their derivatives (Hill et al., 2001) prior to reaching the 
large intestine. 
Although the random forest is not specifically designed for predicting feature selection, it 
is considered to be one of the top performers to detect relationships in the microbiome data (Lee 




predictors of the bacteria OTUs that affected parameters measured in the present study, such as 
the bacteria OTUs that differentiate MI and HE, and bacteria OTUs that correlate with BW 
change and physiological measurements in ewes. 
We observed changes in the abundance of all the top bacteria among MI and HE. The 
phylum of Firmicutes and Bacteroidetes with different genii represented the most bacteria OTUs 
that differentiate between HE and MI. Ruminococcaceae and Ruminococcus belonging to 
Firmicutes were in greater abundances in HE than MI. Both genii are active in digesting 
cellulose, hemicellulose, and xylan (Ding et al., 2001). Clostridiales, another genus associated 
with Firmicutes was in greater abundance in HE than MI. Several reports emphasize the role of 
Clostridiales in fiber digestion (Koike and Kobayashi, 2001; Mosoni et al., 2007). Bacteroidetes 
with genus Bacteroidetes were very similar to MI and HE. This phylum is the most abundant in 
the fecal microbiome of humans (Sghir et al., 2000) and plays a role in the transformation of 
toxin compounds (Smith et al., 2006). 
We found that the group Bacteroidetes_Bacteroidales_unclassified accounted for 
approximately 44% of the variability in BW changes as a negative factor. It is well-known that 
the function of Bacteroidetes is to hydrolyze soluble polysaccharides in the plant (Power et al., 
2014). On the contrary, Actinobacteria_Coriobacteriaceae_unclassified was ranked as second 
and fifth based on its importance in predicting BW changes in both treatments, but both only 
tended to have a positive correlation. 
 As mentioned previously, PRL is used as an indicator of tall fescue toxicosis (Hill and 
Agee, 1994). However, at present, there are no studies reporting correlations between PRL and 
fecal microbiome diversity for animals consuming toxic tall fescue. We correlated PRL with 




days and across varied levels of toxins. Day 51 was the initiation of lambing and three dominant 
bacteria Firmicutes, Bacteroidetes and Actinobacteria were in a great abundance and identified 
as the top predictors of PRL. On d 51, we found a higher abundance of 
Firmicutes_Clostridiales_unclassified in the fecal bacteria. They were ranked as first and fifth 
based on its importance in predicting PRL and were negatively correlated with PRL. Likewise, 
Actinobacteria_Coriobacteriaceae_unclassified were also in negatively correlated and ranked as 
third and fourth based on its sensitivity in predicting PRL. The group of 
Bacteroidetes_Bacteroidetes_unclassified was ranked as  second based on its ability to predict 
PRL and was the only group that was positively correlated with PRL on d 51, explaining 
approximately 61% of the variability in PRL. 
 On d 115, 4 of the top 5 groups in predicting PRL were from the Firmicutes phylum. 
However, only Firmicutes_Clostridium_IV and one of the 
Firmicutes_Ruminococcaceae_unclassified groups were significantly correlated with PRL on d 
115. Both of these groups were correlated positively with PRL. 
Actinobacteria_Coriobacteriaceae_unclassified were also correlated positively and ranked as 
third based on its sensitivity in predicting PRL. Members of Clostridium_IV and 
Pseudobutyrivibrio are known as a major bacteria for producing butyrate in the animal gut 
(Barcenilla et al., 2000). 
 Changes NEFA in the feces were correlated both positively and negatively with bacteria 
OTUs. The bacteria of greatest abundance and ranked first was Firmicutes_Flavonifractor which 
had a negative correlation with changes NEFA. Conversely, Firmicutes_Turicibacter was ranked 
as fourth but was positively correlated with changes in serum NEFA, and explained 




bacteria, but recent research has reported the presence of this bacteria in the feces and rumen of 
cattle (Callaway et al., 2010). Bacteroidetes_Prevotella and 
Actinobacteria_Coriobacteriaceae_unclassified were both negatively correlated with changes in 
serum NEFA. 
 In this study, we observed the fecal bacteria OTUs that correlated with internal nematode 
parasites as represented by fecal egg counts (FECs). At the beginning of the study, 
Bacteroidetes_Bacteroidetes and Firmicutes_Firmicutes were the two dominant bacteria that 
were positively correlated with FEC. These bacteria accounted for approximately 38% and 40% 
of the variability in FEC, respectively. However, fecal bacteria OTUs that correlated negatively 
with FEC were Bacteroidetes_Paludibacter, Bacteria_unclassified_Bacteria, and 
Firmicutes_Clostridiales. On d 51, all the correlations were negative between fecal OTUs and 
FEC. Bacteroidetes_Prevotella had the greatest negative correlation with FEC. The Prevotella 
genus appeared to be readily inducible and is an important abundant genus in the ruminant (Li et 
al., 2012; McCann et al., 2014). The phylum of Firmicutes with Clostridium and 
Succiniclasticum were less correlated with FEC on d 51. On d 115, the top 5 bacteria OTUs were 
negatively correlated with FEC. Suprisingly, Firmicutes_Firmicutes changed from a positive 
correlation on the first day to a negative correlation on d 115 and explained approximately 62% 
of the variability in FEC. Actinobacteria_Coriobacteriaceae appeared for the first time as a 
significant bacteria affecting FEC on this date and represented about 37% of the variability in 
FEC. However, the relevance of parasite caused the microbial changes to internal parasite loads 
are still unclear. 
We found the members of Actinobacteria_Coriobacteriaceae_unclassified shared in all 




same species of this family and genus were not found correlated with performance or 
physiological responses. As far as we were able to discern, this study was the first study that 
determined the correlation between bacteria OTUs in the feces of sheep consuming endophyte-
infected tall fescue with BW changes, PRL, changes in NEFA, and FEC. 
Taxonomic Composition 
Notwithstanding, the fact that various fecal bacteria were correlated with changes in 
sheep growth or physiological measurements, bacteria relative abundance and changes over time 
should also be considered. Considering the effect that toxic tall fescue may have on sheep health, 
it is possible that tall fescue toxins may influence the microbiome related to health. 
We studied the differences in bacterial communities between MI and HE at the phylum 
and genus levels. The percentage of phyla Firmicutes, Bacteroidetes, and Actinobacteria in fecal 
shifted to some extent over time of grazing MI and HE. At the start of the study, the abundance 
of Firmicutes was at a similar percentage in MI and HE. These domain bacteria are considered to 
play an essential role in the breakdown of plant polysaccharides (Flint et al., 2008). Other 
dominant phyla such as Actinobacteria occurred at a low percentage in MI and HE.  
On d 51, Firmicutes_Ruminococcaceae was greater in HE than in MI. In contrast, the 
abundance of Firmicutes_Firmicutes was similar in MI and HE (7.1 and 7.5%, respectively). 
Other members of Firmicutes such as Mogibacterium, Acidaminococcaceae, Clostridiales, 
Lachnospiraceae changed their proportions between the start of the study and lambing (d 51), 
but their proportions were still small (≤ 0.5%). Bacteroidetes_Prevotellaceae decreased in both 
treatments. Prevotellaceae plays a vital role in providing xylanolytic and oligosaccharolytic 
activities and inhabiting the ecological functions of the front line degraders (Flint, 1997). Also, 




On d 115, Firmicutes_Ruminococcaceae was not changed in MI but slightly increased in 
HE. Also, Firmicutes_Firmicutes and Firmicutes_ Mogibacterium genii were increased to a 
similar magnitude in MI and HE. Firmicutes_Lachnospiraceae increased by 700% in both MI 
and HE, but still only represented 4 and 3.2% of the bacteria, respectively. Firmicutes 
Clostridiales and Firmicutes Acidaminococcaceae decreased in MI and HE. As mentioned 
previously, Bacteroidetes and Firmicutes are the most dominant phyla in the gut microbiome of 
mammals including ewes (Singh et al., 2012; Qin et al., 2010; Ley et al., 2008). In our data, the 
fecal bacteria were dominated with Bacteroidetes and Firmicutes in MI and HE treatments, 
which is similar to data from other studies (Jami et al., 2013; Rey et al., 2014). Actinobacteria 
increased rapidly and to a similar extent in HE and MI on d 115. Others have reported that 
Actinobacteria represents 3% or more of the absolute rumen bacteria (Pandya et al., 2010; Šul'ák 
et al., 2012) which is similar to the fecal concentrations on d 115. Actinobacteria is well known 
for its function in biotransformation, such as oxidation of hydrocarbons (Donova, 2007). 
However, it is unclear how these changes in the proportion of Actinobacteria are related to tall 
fescue toxins. These toxins increased throughout the grazing period, which is consistent with that 
reported by others (Rottinghaus et al., 1991; Bush and Fannin, 2009; Rogers et al., 2011). 
However, these toxins were also acted upon by the rumen bacteria and may have been converted 
to other chemical entities or absorbed from the digestive system prior to reaching the large 
intestine. For example, one of the major ergot alkaloids present in toxic fescue is ergovaline 
which is structurally converted to lysergic acid through microbial actions (Hill et al., 2001). 
Consequently, one could conclude that toxins in both treatments were affected by shifting of the 




In conclusion, this study was the first study that used next-generation sequences (Illumina 
platform) to measure alpha and beta estimators of the bacterial diversity in feces of ewes grazing 
tall fescue and to relate this diversity to growth and physiological measurements. This study was 
focused on the changes in the bacteria communities that contribute vital and sensitive members 
between two levels of toxin in endophyte-infected tall fescue. This study can be useful for better 
understanding of the fecal bacterial diversity in small ruminants, and stimulate additional studies 
to evaluate the correlation between fecal bacteria and growth or physiological measurements in 
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Table 1. Ewe lambing supplement and guaranteed analysis of the mineral supplement offered free-
choice to all ewes grazing tall fescue pastures with different levels of endophyte infection 
 
 Ewe lambing supplement Mineral supplement  
Component % as fed Component Guaranteed analysis  
 Barley 37.92% Calcium (max) 18.0% 
 SBM 10.15% Calcium (min) 15.0% 
 Cracked corn 41.91% Phosphorus 8.0% 
 Molasses 7.10% Salt (max) 22.2% 
   Salt (min) 18.5% 
 CP 13.8%* Potassium 1.5% 
 TDN 82.2%* Magnesium 5.0% 
   Copper (max) 375 ppm 
   Copper (min) 275 ppm 
   Iodine 320 ppm 
   Manganese 2,000 ppm 
   Zinc 3,500 ppm 
   Vitamin A 63,500 IU/kg 
   Vitamin D3 15,875 IU/kg 
   Vitamin E 340 IU/kg 
 *Calculated from (NRC, 2007) 
 ppm = parts per million or mg/kg 





Table 2. Forage quality components and ergot alkaloid concentrations from moderate (MI) and 
high (HE) endophyte-infected tall fescue pastures grazed by peri-parturient ewes. 
 








Total Ergot Alkaloids, 
μg/kg 
Feb-18 HE 10.0 24.0 40.5 55 2471 
 MI 11.6 21.7 36.1 10 586 
       
Mar-12 HE 11.6 34.5 57.3 60 717 
 MI 11.7 30.4 51.6 40 376 
       
Apr-12 HE 15.6 28.3 48.3 63 1128 
 MI 16.9 29.3 49.4 55 811 
       
May-12 HE 16.8 31.1 51.2 243 3130 





Table 3. Changes in BW, serum concentrations of non-esterified fatty acid (NEFA) and  
prolactin (PRL), and fecal egg counts (FEC) from ewes grazing tall fescue pastures with  
moderate (MI) and high (HE) endophyte-infection from February through May. Lambing  
begun on d 51. 
 
 HE  MI  SEMa Effectb 
BW Changes, kg S
c 
n = 1 
T 
n = 7 
S 
n = 3 
T 
n = 4   
BW d 1 to 51 2.7 -2.5 0.6 -0.9 3.04 ns 
BW d 51 to 115 0.4 -1.4 -2.3 -1.1 0.75 ns 
BW d1 to d 115 3.1 -4 -1.7 -2.1 3.14 ns 
PRL, ng/mL       
PRL d 51 30.0 29.9 24.5 27.0 5.26 ns 
PRL d 115 53.6 37.7 63.8 24.9 11.10 N 
NEFA Changes, 
uEq/L       
NEFA d 51 to115 478 125 -122 -234 228 ns 
FEC, eggs/g       
FEC d 1 3162.3 1023.3 158.5 3162.3 0.30 t×n 
FEC d 51 794.3 501.2 398.1 11220.2 0.43 ns 
FEC d 115 501.2 501.2 50.1 1148.2 0.24 ns 
 
aSEM = Pooled standard error of the mean. 
bEffects: ns = no significant differences (P > 0.10); N = number of offspring effect (P < 0.10); t 
× n = a tendency for the treatment × number of offspring effect (P < 0.10). 





Table 4. The relationship between bacteria OTUs in the feces and BW gain, serum prolactin  
(PRL) concentrations, and changes in non-esterified fatty acid from ewes grazing from February 
through May on tall fescue pastures with moderate (MI) or high (HE) endophyte-infection. 
 
  
Bacteria OTUs Intercept slope R2 P-value 
BW gain g/d     
Otu00274_p_Bacteroidetes_g_Bacteroidales_unclassified 2.16 -24687 0.44 0.017 
Otu00185_p_Actinobacteria_g_Coriobacteriaceae_unclassified -39.06 33194 0.24 0.102 
Otu00102_p_Bacteria_unclassified_g_Bacteria_unclassified 6.27 -9978 0.30 0.062 
Otu00380_p_Bacteroidetes_g_Bacteroidetes_unclassified -19.61 -2137 0.001 0.910 
Otu00318_p_Actinobacteria_g_Coriobacteriaceae_unclassified -30.44 18163 0.17 0.181 
PRL d 51, ng/mL     
Otu327 p_Firmicutes_g_Clostridiales_unclassified 32.07 -6010 0.27 0.032 
Otu5_p_Bacteroidetes_g_Bacteroidetes_unclassified 6.46 995 0.61 0.0002 
Otu352_p_Actinobacteria_g_Coriobacteriaceae_unclassified 31.00 -17934 0.24 0.044 
Otu331_p_Actinobacteria_g_Coriobacteriaceae_unclassified 32.31 -22462 0.48 0.001 
Otu387_p_Firmicutes_g_Clostridiales_unclassified 33.56 -23237 0.26 0.034 
PRL d 115, ng/mL     
Otu424_p_Firmicutes_g_Clostridium_IV 29.11 22527 0.32 0.033 
Otu287_p_Firmicutes_g_Ruminococcaceae_unclassified 40.62 3271 0.031 0.546 
Otu111_p_Actinobacteria_g_Coriobacteriaceae_unclassified 22.79 9643 0.29 0.044 
Otu254_p_Firmicutes_g_Ruminococcaceae_unclassified 29.63 23289 0.32 0.032 
Otu227_p_Firmicutes_g_Pseudobutyrivibrio 47.60 -2537 0.19 0.116 
NEFA changes, uEq/L     
Otu422_p_Firmicutes_g_Flavonifractor -167.83 -466992 0.34 0.026 
Otu55_p_Bacteroidetes_g_Prevotella -361.81 -35607 0.33 0.031 
Otu57_p_Bacteroidetes_g_Bacteroidetes_unclassified -145.89 57042 0.20 0.107 
Otu85_p_Firmicutes_g_Turicibacter -270.68 161638 0.58 0.001 




Table 5. The relationship between bacteria OTUs in the fecal and fecal eggs count (FEC) from 
ewes grazing from February through May on tall fescue pastures with moderate (MI) or high (HE) 
endophyte-infection. 
Bacteria OTUs Intercept slope R2 P-value 
FEC d 1     
Otu276_p_Bacteroidetes_g_Paludibacter_unclassified   3.19 -732 0.35 0.032 
Otu128_p_Bacteria_unclassified_g_Bacteria_unclassified 3.66 -2509 0.57 0.003 
Otu037_p_Bacteroidetes_g_Bacteroidetes_unclassified 1.47 187 0.40 0.020 
Otu132_p_Firmicutes_g_Clostridiales_unclassified 4.61 -6953 0.55 0.004 
Otu275_p_Firmicutes_g_Firmicutes_unclassified 1.05 1370 0.38 0.025 
FEC d 51     
Otu049_p_Bacteroidetes_g_Prevotella_unclassified 3.13 -15389 0.63 0.001 
Otu148_p_Bacteroidetes_g_Prevotella_unclassified 3.25 -13648 0.71 0.002 
Otu045_p_Firmicutes_g_Clostridium_unclassified 3.50 -247 0.45 0.003 
Otu036_p_Firmicutes_g_Succiniclasticum_unclassified 3.12 -648 0.55 0.006 
Otu091_p_Bacteroidetes_g_Prevotella_unclassified 3.15 -12634 0.66 0.007 
FEC d 115     
Otu146_p_Firmicutes_g_Firmicutes_unclassified 2.66 -7337 0.62 0.004 
Otu175_p_Firmicutes_g_Veillonellaceae_unclassified 1.88 -400 0.15 0.25 
Otu096_p_Firmicutes_g_Lachnospiraceae_unclassified 1.99 -273 0.07 0.44 
Otu309_p_Bacteroidetes_g_Prevotellaceae_unclassified 2.45 -3862 0.41 0.03 






Figure 1. Rarefaction curve of different treatment groups. The rarefaction curve of OTUs 






Figure 2. Alpha diversity plots. A: observed OTUs variations between moderate (MI) and high 
(HE) endophyte-infected tall fescue along with changes time in d 1, d 51, and d 115. B: Shannon 
diversity variation between Moderate (MI) and high (HE), tall fescue toxicity along with changes 
time in d 1, d 51, and d 115. C: Chao richness between Moderate (MI) and high (HE), tall fescue 






Figure 3. Principal component analysis (PCA) of Bray-Curtis dissimilarities of fecal bacteria 






Figure 4. Bacteria OTUs determined using the random forest. (A) shows the top 20 features that 
differentiate between high (HE) vs. moderate (MI) tall fescue. (B) shows relative abundance of 
first four OTUs bacteria from the top bacteria differentiate in peri-parturient ewes grazing 






Figure 5. Bacteria OTUs that correlated with BW gain in peri-parturient ewes grazing 






Figure 6. Bacteria OTUs that correlated with prolactin (PRL) concentrations in d 51 (A) or d 






Figure 7. Bacteria OTUs that correlated with changes in non-esterified fatty acids (NEFA) in 






Figure 8. Bacteria OTUs that correlated with fecal eggs count (FECs) in ewes grazing endophyte-






Figure 9. Relative abundance fecal bacteria (phyla and genus) of ewes consuming high moderate 







Fifty pregnant Katahdin ewes were used to determine the impacts of grazing high (HE) 
and moderate (MI) endophyte-infected tall fescue on their growth, physiological, and 
microbiome community changes. Within the fifty ewes, fifteen ewes were selected at random for 
fecal and rumen sampling. Ewes remained on their respective treatments from February (d 1) to 
May (d 115). Body weight, body condition scores, and FAMACHA scores were measured on 
multiple dates throughout the study. Also, blood, rumen, and feces were collected at multiple 
times throughout the study. Serum prolactin (PRL), non-esterified fatty acid (NEFA), and trace 
minerals (Zn, Cu) were measured. The total bacterial DNA was extracted from rumen and fecal 
samples and subjected to next-generation sequencing using the Illumina MiSeq platform. Mothur 
software was used for sequence analysis following the procedures of MiSeq. Alpha and beta 
diversities were used to analyzed microbiome data diversity. Random forest analyses were 
performed to predict the relationship between specific bacteria and physical and physiological 
measurements from ewes. 
The effect of tall fescue toxin level was nonsignificant for most of the measurements on 
ewes growth performance from d 1 to d 51, but changes in body weight were lower in HE than 
MI between d 51 and d 115. Changes in body condition scores tended to be affected by 
treatments (d 1 to d 115). Serum concentrations of PRL, Zn, and Cu were not affected, but 
NEFA changes were affected by treatment between d 51 and d 115. 
Certain rumen bacteria were affected by the different levels of tall fescue toxins. Alpha 
diversities (observed OTUs, Shannon, and Chao) were not affected by treatment groups on d 1 




Chao index was lower in MI than from HE on d 115. The beta diversity (Bray-Curtis) was not 
clustered on d 1 but differed significantly on d 51 and d 115. Random forest estimated that the 
members of Bacteroidetes_Prevotella were shared across the major bacteria OTUs that were 
linked with each of body weight changes, PRL and NEFA changes. Moreover, the composition 
bacteria in the rumen study indicated that Firmicutes and Bacteroidetes were the dominant phyla 
in rumen fluid. 
The fecal bacteria community were also influenced somewhat by different levels of tall 
fescue toxins. As with rumen bacteria, treatments did not affect fecal microbial alpha diversity 
on d 1 and d 51. However, on d 115, there were significant differences between treatments for 
observed OTUs, Shannon, and Chao resulting in greater Chao index from MI than HE. Bray-
Curtis did not differ throughout the study. On the other hand, 
Actinobacteria_Coriobacteriaceae_unclassified was detected by random forest as shared in 
bacteria OTUs that were associated with each of body weight changes, PRL and NEFA changes. 
Similar to rumen bacteria, the taxonomic composition of fecal bacteria was dominated by phyla 
of Firmicutes and Bacteroidetes. There was considerable variability among specific bacteria in 
their response to different levels of tall fescue toxins whereas other bacteria did not change 
appreciably over time of exposure to the toxins. This shifting on rumen or fecal bacteria 
populations could be because of varied toxin concentrations, modification of the toxins to lower 
concentrations to less or more toxic compounds, or absorption of toxins from the gastrointestinal 
tract. 
It is possible that the speculated ergot alkaloid detoxifying bacteria is a minor species 




changes in responses to grazing endophyte-infected tall fescue needs to be considered so that the 
bacteria that responsible for detoxifying the toxins in tall fescue can be identified. 
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